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ABSTRACT 
   
Two serious adverse health effects of obesity are development of cardiovascular 
disease and type 2 diabetes, which may also lead to stroke, kidney failure, blindness, and 
non-traumatic amputations.  Diabetes and obesity occur more commonly among U.S. 
African-American women than among white women. One postulated mechanism in the 
development of obesity and diabetes is disruption of the neuroendocrine system by 
chronic psychosocial stress. Using data from the Black Women’s Health Study (BWHS), 
we examined three psychosocial stressors more prevalent in African-American women 
than white women, and their possible contribution to the incidence of diabetes and 
obesity among African-American women. 
Study 1 examined perceived racism and incidence of diabetes over 16 years 
(1997–2013), among 45,781 women. Women with higher scores for perceived everyday 
or lifetime racism had greater risk of diabetes compared to women with lesser exposure. 
Mediation by BMI may have accounted for half of these associations. 
Study 2 examined abuse victimization with incidence of diabetes in adulthood 
over eight years (2005–2013), among 29,193 women. Compared to women reporting no 
abuse in their life span, there was an increased risk of diabetes among women who 
  viii 
experienced abuse only during adolescence, or only adolescence and childhood. Higher 
frequency of sexual abuse or greater severity of abuse increased risk of diabetes. There 
was some evidence for mediation by BMI, and as a modifier; in stratified analyses 
overweight women experienced an increased risk of diabetes with childhood sexual 
abuse. 
Study 3 evaluated the association of night shift work and weight change over an 
eight year period (2005–2013), among 28,565 women. Stratified analyses showed BMI 
modified the association: normal and overweight women who worked a night shift gained 
significantly more weight than women who did not work a night shift; this was not found 
among obese women. Younger night shift workers who worked 10 or more years 
appeared to gain more weight than younger non-night shift workers. 
In conclusion, there is evidence that perceived racism, abuse, and night shift work 
may be psychosocial stressors whose downstream effects may contribute to type 2 
diabetes and weight gain among African-American women. 
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INTRODUCTION 
The global increase in obesity (1) affects children, adolescents, and adults (2–5). 
The CDC Health 2013 report states that, among U.S. adults 20 years and older, 35.7% are 
obese (body mass index [BMI] ≥ 30 kg/m2), and 6.6% are extremely obese (BMI ≥ 40 
kg/m
2
) (6–9). Among African-American women aged 20 years and over, approximately 
58% are obese as compared to 36% of non-Hispanic white women (7–11). The 
corresponding proportions for extreme obesity are 17% and 8.2% for black and white 
women, respectively. 
Two serious adverse health effects of obesity are development of cardiovascular 
disease and type 2 diabetes (12–17).  In the United Stated approximately 21 million 
individuals have been diagnosed with diabetes, with an estimated 8.1 million 
undiagnosed (18). Diabetes is a major risk factor for coronary heart disease, stroke, 
kidney failure, blindness, and non-traumatic amputations (19–21). According to data 
from NHANES, the prevalence of type 2 diabetes among non-Hispanic African-
American women (12.2%) is more than twice as high as among non-Hispanic white 
women (4.5%) (22).  
The increased incidence of obesity and type 2 diabetes among African-American 
women (8, 23–27) is not fully explained by well-known risk factors such as diet, lifestyle, 
and overall decline in physical activity (28–38). In a 2007 assessment of low-income 
African-American and white residents of the southern U.S., the prevalence of diagnosed 
diabetes was higher in African-American than in white persons even after control for 
differences in BMI, socioeconomic status (SES), health insurance status, physical 
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activity, and history of hypertension (26). Disparities in psychosocial stressors may play a 
role, with chronic stress possibly leading to obesity and comorbidities such as type 2 
diabetes (39–44) in part through disruption of the neuroendocrine system (39). 
Using data from the Black Women’s Health Study, this dissertation has 
concentrated on three psychosocial exposures that are more common among African-
American than white women and may represent sources of increased stress: perceived 
racism, abuse victimization, and night shift work. Perceived racism and abuse 
victimization were each evaluated in relation to incidence of type 2 diabetes, and shift 
work in relation to weight change. Each of these factors has an unfavorable distribution 
in African-American women compared to white women and may be contributing to the 
excess of type 2 diabetes and overweight/obesity in this population. In addition, few 
prospective longitudinal studies have been done with these exposures and outcomes, and 
none in a large cohort of African-American women. The knowledge gained from these 
studies should contribute to a better understanding of the etiology of type 2 diabetes and 
obesity in African-American women.  
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THE BLACK WOMEN’S HEALTH STUDY 
Study Population 
All analyses use data from the Black Women’s Health Study (BWHS), a large 
cohort of African-American women with prospective data on many factors. The BWHS 
began in 1995 when black women from across the U.S. enrolled by completing postal 
health questionnaires (45, 46). The cohort comprises 59,000 women aged 21–69 years at 
baseline, with median age 38. Participants are about equally from the Northeast, South, 
Midwest and the West.  
BWHS participants provided information in the 1995 baseline questionnaire on 
demographic factors, medical care use, reproductive and medical history, current and past 
cigarette and alcohol use, current weight, weight at age 18, height, waist and hip 
circumference, use of vitamin supplements and medications, and physical activity. A 
food frequency questionnaire was included.  
Participants were followed by biennial postal questionnaires through 2013. Non-
respondents after eight mailings were telephoned. Notices of deaths are obtained from 
friends and relatives of participants, the postal service, and periodic searches of the 
National Death Index. Follow-up through biennial health questionnaires and linkage to 
the National Death Index has been successful for 87% of potential person-years of 
follow-up through 2013. 
Biennial follow-up questionnaires ascertained new cases of type 2 diabetes, 
family history of diabetes, other illnesses, and updated information on weight, physical 
activity, smoking, alcohol use and other factors.  
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Common Measures and Outcomes 
These items are common to several analyses presented here (see Appendix 1 
Table 26, showing variables across BWHS questionnaire cycles).  
 
Questionnaire Cycle 
Each 2-year period covered by a BWHS questionnaire is a “questionnaire cycle”. 
Questionnaire cycles are numbered for each analysis beginning with the baseline 
questionnaire for that study (e.g. study #1 includes eight questionnaire cycles during 
followup from 1997 to 2013). All analyses were done including strata on questionnaire 
cycle and age. 
Age 
Age is updated with each questionnaire cycle and is used here as a continuous 
variable. All analyses were done including strata on questionnaire cycle and age. 
Diabetes outcome 
Follow-up questionnaires asked about new diagnoses of diabetes during the 
previous 2-year period. Incident cases were defined as self-reported physician-diagnosed 
type 2 diabetes that occurred at age 30 or older, excluding type 1 diabetes and gestational 
diabetes, with no report of a previous diagnosis.  
The accuracy of self-reported history of type 2 diabetes in the BWHS was 
assessed in a validation study among a random sample of 656 women who reported a 
diagnosis of diabetes after 1995 (baseline of the BWHS cohort). Of the 293 women 
providing permission to contact their physician, completed questionnaires were returned 
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by the physicians for 229 women and a diagnosis of diabetes was confirmed in 220 
(96%) of these cases (36). 
The prevalence of undiagnosed diabetes in the BWHS cohort was estimated by 
testing blood samples gathered from participants in 2013 (47). Of the 2,449 women who 
provided a sample in the first year of collection, 1,873 had never reported diabetes; tests 
for HbA1c in these women showed 120 (6.4%) met the criteria for diabetes diagnosis by 
Hb1Ac (48). In earlier analyses in the BWHS cohort, under-diagnosis of diabetes was 
estimated to reduce the observed relative risk compared to the true relative risk by about 
5%, based on these values (i.e. 96% of self-reported cases of diabetes confirmed by 
medical records; and 6.4% undiagnosed diabetes cases) (47). 
Body weight and height 
Self-reported height was assessed in 1995. Self-reported weight was included on 
each questionnaire, every two years.  
Body mass index 
Body mass index (BMI) was updated with each questionnaire, based on self-
reported height and weight; if unavailable, the previous questionnaire cycle value was 
carried forward if available. As is standard in the BWHS data, a category is also created 
for unknown or missing values if no previous carry-forward value is available. As a time-
varying covariate BMI is represented by five categories of BMI plus unknown: BMI <25 
(reference); 25–29; 30–34; 35–39; 40+. For stratified analyses, three strata are created: 
BMI <25; 25–29; 30+. 
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Dietary Patterns 
Usual diet was assessed in the 1995 BWHS questionnaire with a 68-item modified 
version of the National Cancer Institute Block food frequency questionnaire (FFQ) and in 
2001 with an 85-item version (49). To summarize dietary patterns for use in analysis in 
BWHS studies, the individual FFQ items were aggregated into 35 predefined food groups 
on the basis of similar of nutrient content, adjusted for total energy intake, and then 
evaluated using principal components analyses to identify dietary patterns. Similar 
patterns were found in 1995 and again in the 2001 questionnaire: a “vegetable/fruit” 
pattern, and a “meat/fried foods” pattern. The vegetables/fruit and meat/fried food 
patterns are similar to the “prudent” and “western” patterns, respectively, identified in 
previous studies (50, 51). 
Factor scores for each of these two patterns were calculated by summing intakes 
of each food group weighted by its factor loading; factor scores were then categorized 
into quintiles (quintile 1=low adherence to the pattern; quintile 5=high adherence to the 
pattern). Each participant was assigned a factor score for each identified pattern. For 
analysis these scores have been treated as time-varying variables, with the baseline 1995 
assessment used for years 1995 – 2000, and the 2001 assessment used for 2001 to the end 
of follow-up (52). 
Active Coping Score  
To assess how participants were coping with stress in life, the 2005 BWHS 
questionnaire included an abbreviated (10-item) form based on the Carver coping scale 
(53). Items included: I’ve been …. “concentrating my efforts on doing something about 
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the situation I'm in”, “getting emotional support from others”, “taking action to try to 
make the situation better” , “getting help and advice from other people”, “trying to see it 
in a different light, to make it seem more positive”, “getting comfort and understanding 
from someone”, “looking for something good in what is happening”, “accepting the 
reality of the fact that it has happened”, “trying to get advice or help from other people 
about what to do”, and “learning to live with it”. For each item, participants could select 
“I haven't been doing this at all “, “I've been doing this a little bit”, “I've been doing this a 
medium amount”, or “I've been doing this a lot”. The median score was used to 
categorize participants as high or low in coping skills. 
Socioeconomic status (SES) 
Neighborhood socioeconomic status (SES) was measured as previously described 
(36, 54). Briefly, participants’ current addresses were linked through geocoding 
(Mapping Analytics, Rochester, NY) to 2000 U.S. Census block groups. Factor analysis 
of block group census variables identified six variables (median household income; 
median housing value; percentage of households receiving interest, dividend, or net rental 
income; percentage of adults aged 25 years or older who have completed college; 
percentage of employed persons age 16 years or older who are in occupations classified 
as managerial, executive, or professional; and percentage of families with children that 
are not headed by a single female) that were used to calculate an index of neighborhood 
SES. 
Other Covariates 
Data on smoking status, alcohol consumption, vigorous exercise, and walking for 
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exercise were updated on each follow-up questionnaire. Marital status was collected in 
1995, 1997, 1999 and 2005. First degree family history of diabetes was ascertained in 
1995 and 1999. Data on years of education were collected on the 1995 and 2003 
questionnaires.  
Physical activity and anthropomorphic measures were validated in studies 
conducted in 2000–2001 by clinic personnel at Howard University Cancer Center among 
women enrolled in the BWHS cohort who resided in the greater Washington, DC 
metropolitan area, including some areas in Maryland and Virginia (55, 56). In a 
validation study of anthropometric measures conducted among 115 BWHS participants, 
Spearman correlations for self-reported versus technician-measured weight and height 
were 0.97 and 0.93 respectively (56).  The physical activity validation study included 
women who resided in the greater Washington, DC, metropolitan area; had completed the 
BWHS physical activity questions on the 1997 and 1999 questionnaire; were ambulatory; 
had no surgery within the past three months; and had no history of cancer. One hundred 
one BWHS subjects participated in the physical activity validation study, which involved 
two clinic visits, and agreeing to wear an activity monitor for seven days. Significant 
positive correlations were seen between the BWHS physical activity questionnaire and 
the activity monitor for total activity, r=0.28; walking, r=0.26; and vigorous activity, 
r=0.40, P<.001. For the seven-day physical activity diary compared to the BWHS 
questionnaire, there were significant correlations for total (r=0.42, P<.01); moderate 
(r=0.26, p<.05), and vigorous activities (r=0.41, P<.01) (55). 
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STUDY 1: Perceived Racism and Diabetes 
 
INTRODUCTION 
African-Americans have higher rates of death, morbidity, and disability than 
whites (9). Although researchers have sought to pull apart the threads defining “race” for 
over 20 years, it is now seen as a gross indicator of many social and cultural experiences 
(57–59), rather than a genetic distinction (60).  Studies have found socio-economic 
circumstances explain some, but not all, differences in health status by race. Research 
continues into experiences linked to race which may affect health (57) , such as racial 
discrimination, a critical psychosocial stressor for African-Americans (61) who 
experience racism more frequently than whites or other ethnic groups (57).  Severe stress 
has been linked to physiological symptoms in immune function, pain sensitivity and 
chronic pain, components of metabolic syndrome, and the neuroendocrine, 
cardiovascular, and gastrointestinal systems (58, 62). 
Two systematic reviews of studies of perceived discrimination and health (47, 51) 
found the strongest, most consistent associations were with negative mental health 
outcomes and health-related behaviors, with weaker associations for positive mental 
health outcomes, self-reported health status, and physical health outcomes (58, 63). Other 
recent studies have found similar results, linking perceived racism with substance abuse 
(64), worse physical health status (64–66), and depression (65, 67, 68). Nearly all these 
studies were cross-sectional with widely varying definitions of perceived racism, and 
some debate about the etiologically relevant period of effect for self-reported racism; 
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although lifetime exposure was the most common time frame in studies (58), some 
researchers felt the past year was the most relevant period for the outcomes being 
assessed, leading to more significant results (58, 63). It is possible perceived racism is a 
chronic stressor that promotes disease over the long term in susceptible individuals. 
 To my knowledge no prospective studies have been done regarding perceived 
racism and type 2 diabetes incidence, although it has been evaluated with other diabetes-
related outcomes such as components of metabolic syndrome. In the Black Women’s 
Health Study (BWHS) from 1997–2013, more frequent experiences of racism were 
independently associated with higher weight gain and incident obesity (56, 69).  
Perceived racism and types of coping responses were associated with increased LDL 
levels (70), increased risk of obesity in African-American women (71), and with waist-to-
hip ratio (72). Internalized racism was associated with glucose intolerance in a small 
cross-sectional study in the US Virgin Islands (73), and with elevated fasting glucose in 
Zimbabwe among women, but not men (74). Finally, a recent (2014) systemic review of 
perceived racial discrimination and hypertension concluded that in spite of 
methodological limitations in many studies, there was a small association between 
perceived discrimination and hypertension (75–83). 
 Previous BWHS studies have found an increased incidence of type 2 diabetes 
with other exposures, including BMI and waist-to-hip ratio (33), frequent television 
watching (34), frequent consumption of restaurant meals (32), higher consumption of 
both sugar sweetened soft drinks and fruit drinks, the glycemic index of the diet (37), 
depressive symptoms (84), and low birth weight (85). Reduced incidence of type 2 
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diabetes was associated with vigorous physical activity and brisk walking (34), cereal 
fiber intake (35), and alcohol and caffeinated coffee consumption (86). BWHS data also 
have been used to evaluate racism with other outcomes, finding an increased risk of 
uterine myomas (87), breast cancer (88), hypertension (78), and some evidence for an 
increase in preterm birth (89). 
Using the BWHS data, this prospective analysis evaluated the association of 
perceived racism with type 2 diabetes over a 16-year period (1997–2013). The definition 
of perceived racism used in the BWHS questionnaires includes both personal and 
institutionalized racism. We hypothesized that women with higher scores for perceived 
everyday racism would have higher risk of type 2 diabetes compared to women with 
lower scores for everyday racism, and women with higher scores for perceived lifetime 
racism would have higher risk of type 2 diabetes compared to women with lower scores. 
 
METHODS 
Analytic Sample 
 
Potential subjects were 49,900 BWHS participants who completed the 1997 
BWHS follow-up questionnaire including the perceived racism questions, and were free 
of type 2 diabetes at that time. The analytic sample consists of women who completed the 
1997 questionnaire and at least one subsequent follow-up survey. New incident cases of 
diabetes before age 30 were excluded, as non-insulin-dependent diabetes (Type 2) tends 
to affect adults above age 30, although it may be present in children and young adults; 
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insulin-dependent diabetes (Type 1) usually starts before age 30. Also excluded were 
prevalent cases (in 1995 and 1997) of cancer, myocardial infarction, stroke, or coronary 
bypass. Cardiovascular disease is a frequent complication of diabetes, and certain cancers 
are associated with having diabetes or signs of insulin resistance – therefore any of these 
conditions might indicate undiagnosed diabetes or pre-diabetes. These exclusion criteria 
are common in studies of diabetes, and have been used in other BWHS studies (84–86).  
Diabetes outcome 
The definition of incident cases of diabetes is provided in the introductory chapter 
that describes the BWHS. 
Perceived Racism: Everyday and Lifetime Racism Measures 
The 1997 and 2009 questionnaires included eight questions on perceived racism 
adapted from Williams et al. (57)  Although these questions were not specifically about 
race, they followed a question “How often do you think about your race?” (not used in 
scoring racism).  A perceived everyday racism summary score was created by averaging 
scores from the five questions about the frequency of racism in daily life (“In your day-
to-day life, how often have any of the following things happened to you?”:  “You receive 
poorer service than other people at restaurants or stores”, “People act as if they think… 
you are not intelligent, they are afraid of you, you are dishonest, or they are better than 
you”). Response options for each question were: “never”, “few times a year”, “once a 
month”, “once a week”, and “almost every day”, scored 1 (never) to 5 (almost every 
day).  The everyday racism score averaged responses to the five questions and using 
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cutoffs determined from all 1997 questionnaire cycle participants answering these 
questions, was categorized into quartiles (quartile 1 least exposed; quartile 4 greatest 
exposure). A perceived lifetime racism summary score was created from a count of the 
number of positive responses by the participant to the three yes/no questions about 
experiences of “being treated unfairly due to your race in any of the following 
circumstances”: “Job (hiring, promotion, firing)”, “Housing (renting, buying, mortgage)”, 
or “Police (stopped, searched, threatened)” (56, 57).  The count reflected 0, 1, 2, or 3 
questions answered “yes”. 
The predetermined domains of the racism questions were confirmed using factor 
analysis with an orthogonal rotation (90). Although there is no gold standard against 
which to validate racism responses, in the course of repeated mailings of the 1997 
questionnaire, 1,170 women completed two questionnaires. These were used to judge the 
reproducibility of the responses to the racism questions. Reproducibility of responses was 
good: the weighted kappa was 0.73 for the everyday racism summary variable and 0.67 
for the lifetime racism summary variable (78). 
Covariates 
 Information on other common covariates can be found in the BWHS chapter. 
 
Statistical Analyses  
Descriptive analyses examined demographic, behavior, and health status 
characteristics at baseline for this analysis (1997) by exposure status. Characteristics of 
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participants excluded from the analysis sample were compared to those included in the 
analysis sample.  
Cox proportional hazards regression was used to calculate adjusted hazard ratios 
(HRs) and 95% confidence intervals (CI) for the associations of the exposure variables 
and incident type 2 diabetes. Person-years were calculated from 1997 to the year of 
diagnosis of type 2 diabetes, loss to follow-up, death, occurrence of any of the 
exclusionary conditions (cancer, myocardial infarction, stroke, or coronary bypass 
surgery), or end of follow-up in 2013. The endpoint of person-time was defined at the 
midpoint of the year. All analyses were done including strata on age and questionnaire 
period in recognition that the hazard may differ in those strata. All analyses were done 
using SAS statistical software version 9.4 (SAS Institute, Cary, NC) (91, 92). 
Potential confounding factors were selected for model building from existing 
theory and prior studies of perceived racism or diabetes (36, 47, 56, 69, 78, 84–86, 93, 
94). Each potential covariate was tested individually with the target exposure variable to 
evaluate the change in the HR for the most exposed group (e.g. for everyday racism, the 
change in the HR for quartile 4 was evaluated). An age-adjusted model included age, 
questionnaire cycle, and the exposure. Covariates that had created at least 1% change in 
the HR (+/-) were evaluated for the multivariate model by adding them one at a time, in 
the order of greatest-to-least change in the HR. The model was then completed with 
covariates standard in other BWHS studies of type 2 diabetes (36, 47, 84–86). The 
primary multivariate model included age, questionnaire cycle, and demographic, health, 
and lifestyle covariates: marital status (reference: married/living as married; 
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separated/divorced/widowed; single/never married; missing marital status), SES (quintile 
1–5, or unknown; reference: quintile 5), education (reference: <=12; 13–15; 16+ years), 
family history of diabetes (yes or no); vigorous activity (reference: <1 hour/week 
reported; 1–4; 5+ hours; unknown), walking for exercise (reference: <1 hour/week; 2–3; 
3–4; 5+ hours/week; unknown), alcohol use (reference: never; past; current 1–3/week; 
current 4–6/week; current 7+/week; unknown), and smoking status (reference: smokers; 
past; never; unknown). Vigorous activity, walking for exercise, alcohol use, and smoking 
were modeled as time-varying covariates, using the Anderson-Gill approach when 
appropriate (95).  
Sensitivity analyses 
 
The 1997 and 2009 racism questionnaire responses were used for a sensitivity 
analysis to create subgroups of women whose racism responses remained consistent in 
1997 and 2009 (separately for everyday, and for lifetime racism). Analysis with these 
subgroups used diabetes cases from the final questionnaire cycles ending in 2009, 2011, 
and 2013.  
The 1997 and 2009 racism questionnaire responses were also used to identify 
subgroups of women based on changes in their perceptions of racism from 1997 to 2009: 
increased in value, decreased in value, or unchanged (high, or low, in both 1997 and 
2009). These analyses used diabetes cases from the final questionnaire cycles ending in 
2009, 2011, and 2013, to investigate whether the association between everyday or 
lifetime racism and diabetes varied by these groups. Those with high scores at both times 
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might be considered to have “chronic” experience, whereas those who have gone from a 
low to a high score might demonstrate a more “acute” experience. 
In a further sensitivity analysis, an alternate censoring strategy was used to 
determine how outcomes might differ if during follow-up, participants who developed 
chronic disease conditions (cancer, MI, stroke, coronary bypass) were not censored; 
women were censored if they developed diabetes, or were lost to follow-up. At baseline, 
prevalent cases of diabetes were excluded, as were those who developed diabetes before 
age 30.  
Secondary Analyses - Mediation 
BMI was tested as a mediator on the causal pathway in the relationship between 
racism and diabetes. Several steps were taken to assess the extent to which effects on type 
2 diabetes incidence are mediated by a path through weight gain and BMI (85, 96–98). 
First, multivariate analyses were conducted by adding adjustment for time-varying 
categorical BMI to our primary multivariate model. Mediation analysis then was used to 
estimate the proportion of the association between each of the two measures of perceived 
racism and incidence of type 2 diabetes that could be mediated by BMI. The mediation 
proportion is defined as  
[1 – (exposure effect with BMI)/(exposure effect without BMI)] 
The mediation proportion and corresponding 95% CI were estimated using the 
partial likelihood function (99) of Cox models with and without BMI as implemented in 
the SAS MEDIATE macro (97). The natural direct and indirect effects of perceived 
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racism on type 2 diabetes, mediated through BMI, were estimated using marginal 
structural models, as described by Lange (100, 101). 
 
Secondary Analyses - Effect Modification 
BMI was examined for potential effect measure modification in stratified analyses 
to separate possible obesity status discrimination effects from the effect of perceived 
racism. To capture the full follow-up experience, the time-varying BMI value updated 
during each questionnaire cycle was used to create 3 subgroups based on time-varying 
BMI (normal: BMI<25, overweight: BMI 25–29, and obese: BMI 30+ kg/m2). In each 
subgroup, this analysis used the primary multivariate model plus continuous BMI.  
Active coping also was evaluated for potential effect measure modification in 
stratified analyses, as it has been assessed as a modifier in other BWHS studies involving 
perceived racism and outcomes possibly related to chronic stressors such as weight 
change and risk of uterine leiomyomata (56, 87). To create stratification groups by 
coping scores, women were classified as being above or below the median score. 
 
RESULTS 
Participant Characteristics  
 
The baseline sample included 53,134 women, of whom 7,353 women were 
excluded (2,044 lacked exposure information; 3,282 had prevalent diabetes; 82 had 
diabetes before age 30; and 3,072 had cancer, MI, stroke, or a coronary bypass), leaving 
45,781 in the analysis sample. Compared to women in the analysis sample, those 
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excluded were older, had fewer years of follow-up in the BWHS, and had a higher BMI 
(see Appendix Table 22), but were similar in terms of employment, and region. Those 
excluded for disease reasons, rather than a lack of racism exposure data, were similar to 
the analysis cohort in mean racism scores. 
Participant characteristics by everyday racism exposure quartiles and by lifetime 
racism exposure categories are shown in Tables 1 and 2. Mean age in 1997 was 40.1 
years. Age was associated with everyday racism exposure, with younger women tending 
to report more everyday racism experiences. Higher everyday racism was also associated 
with higher depression scores and increased anti-depressant usage, higher BMI, greater 
tendency toward a western dietary pattern with meats and fried foods, lower tendency 
toward a prudent dietary pattern of fruits/vegetables, and greater likelihood of having 
scored above the median on the active coping scale, although there were also many 
women with missing coping score information. Those with higher everyday racism 
exposure were less likely to be married/living as married, more likely to drink alcohol, 
and more likely to report a high activity level.  
At baseline (1997), 29% (n=13,209) had answered “No to All” of the lifetime 
racism questions, 32% (n=14,663) had answered “Yes to 1”, 24% (n=10,859) “Yes to 2”, 
and 11% (n=4,911) had answered “Yes to 3”, the highest level of exposure. Women who 
answered “Yes to 3” were older (mean age 41.1) than those who answered “No to All” 
(mean age 39.4). The highest reported lifetime racism exposure was associated with 
reporting greater everyday racism, higher depression scores and increased anti-depressant 
usage, higher BMI, income and SES. These women were more likely to be smokers, 
  
19 
drink alcohol, have a family history of diabetes and to have scored above the median on 
the active coping scale. Higher lifetime racism exposure was associated with a lesser 
tendency toward a western dietary pattern with meats and fried foods, a greater tendency 
toward a prudent dietary pattern of fruits/vegetables, and greater likelihood of reporting a 
high activity level.  
Perceived Racism and Diabetes 
A total of 5,344 incident cases of diabetes occurred during 576,577 person-years 
of follow-up. Results of primary analyses for the association of perceived racism and 
diabetes are shown in Table 3. In general only women with the highest level of exposure 
to everyday perceived racism (quartile 4) showed a significantly increased risk of 
diabetes. Women with lesser exposure to everyday racism (quartiles 1, 2 and 3) have 
similar null results. In age-adjusted models, or multivariate models including 
demographic/lifestyle covariates, the estimated hazard ratio for everyday racism was 
essentially the same (quartile 4 HR=1.31, 95%CI=1.20, 1.42). Age-adjusted results for 
the association of lifetime racism and diabetes were largely null. However, the effect 
increased, away from the null, with adjustment for covariates (“Yes to 3” HR=1.16, 
95%CI=1.05–1.27). For both everyday and lifetime racism, the effect was unchanged by 
adding control for employment status to the multivariate model (results not shown). 
Sensitivity Analyses 
Table 4 shows results of sensitivity analyses restricting the sample to women with 
consistent everyday or lifetime racism exposure from 1997 to 2009. Although point 
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estimates were similar to results in the full analysis sample and follow-up period (Table 
3), the hazards ratios increased slightly (away from the null) and the confidence limits 
widened in this sensitivity analysis. For women with the highest level of everyday racism 
exposure (quartile 4), the restricted sample gives HR=1.32 (1.04–1.68) compared to 
HR=1.31 (1.20–1.42) in multivariate models (Table 3). For women with the highest level 
of lifetime racism exposure, the restricted sample gives HR=1.19 (0.93–1.53) compared 
to HR=1.16 (1.05–1.27) in multivariate models (Table 3). 
Table 5 shows results of an analysis using change in racism scores from 1997 to 
2009 restricted to women with values for both questionnaires. When compared to women 
with a continuing low score for everyday racism, women with the greatest increase in 
everyday racism score from 1997 to 2009 (i.e. 1997 everyday racism quartile score+3) 
had a greatly increased risk of diabetes HR=2.38(1.34–4.22), while women with a 
continuing high score (i.e. 1997 and 2009 score is quartile 4) had an increased risk 
HR=1.21(0.99–1.47).  
Women who reported continued high lifetime racism exposure in both 1997 and 
2009 had an increased risk of about 14% (HR=1.14, 0.90–1.43), but other estimates have 
very wide confidence intervals. 
An alternate censoring strategy was tested in a third sensitivity analysis (Table 6): 
when women who develop chronic conditions were not censored, we gained more 
women in the sample (n=47,913 vs. n=45,781 in the original analysis sample) and the 
additional women were spread fairly evenly across exposure categories. For everyday 
racism, the unadjusted incidence rates (IRs) were uniformly higher than for the standard 
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censor strategy dataset, and the hazard ratio for the most exposed group was biased 
slightly toward the null (multivariate model, HR=1.28 vs. HR=1.31 from Table 3), but 
the overall pattern of relationships remained the same. Unadjusted IRs for lifetime racism 
were also higher, but the hazard ratios did not change (multivariate model, HR=1.16 vs. 
HR=1.16, Table 3). 
Mediation 
Adding BMI to our standard multivariate model (Table 3) shows that BMI has a 
large impact on the association of everyday racism with diabetes. Adjusting for BMI, 
women with the highest exposure to everyday racism (quartile 4) have a 13% increased 
risk compared to those with the lowest (quartile 1). The proportion of the association with 
diabetes explained by controlling for BMI in our standard multivariate model was 
estimated as 55% (95%CI= 38% –73%) for quartile 4 of everyday racism. The estimated 
natural direct effect of everyday racism (highest exposure, quartile 4) on type 2 diabetes 
was estimated to be HR=1.12; the estimated natural indirect effect through BMI was 
estimated to be HR=1.16. (1.12 x 1.16 = 1.30, the effect of everyday racism on type 2 
diabetes without adjustment for BMI). For lifetime racism the addition of BMI to our 
standard multivariate model again reduces the association of lifetime racism and risk of 
diabetes toward the null (HR=1.07, 0.98–1.18). The proportion of the association with 
diabetes for BMI was estimated to be 52% (95%CI= 26% –79%) for the highest exposure 
category of lifetime racism. The estimated natural direct effect of lifetime racism (highest 
exposure, “Yes to 3”) on type 2 diabetes was estimated to be HR=1.08; the estimated 
natural indirect effect through BMI was also estimated to be HR=1.08.  
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Effect Modification Assessment 
Results stratified by three categories of time-varying BMI (Table 7) show a 
suggestion of stronger association of everyday racism and diabetes risk with increasing 
BMI: obese women in the highest quartile of everyday racism score had an increased risk 
of diabetes (quartile 4 HR=1.14, 95%CI=1.02, 1.26), while women of normal weight or 
overweight had risks closer to the null. However, 95% confidence intervals for these 
estimates are wide and overlap. Comparing the stratified results (Table 7) to the primary 
results among all women (Table 3), the risks among obese women were similar to risks in 
all women when control for BMI was added to the standard multivariate model in Table 
3, while risks in non-obese women were closer to the null, suggesting that obese women 
experiencing racism may be at greater risk of diabetes that is not simply due to obesity 
status.  
If we shift to lifetime racism, among women of normal weight, there was a 
stronger association between any reported experience of lifetime racism and diabetes risk 
(“Yes to 1” HR=1.25 to “Yes to 3” HR=1.39, 95%CI=0.94, 2.04). The risks among 
overweight or obese women were null, but again confidence intervals for these estimates 
overlap. The primary model used within each BMI strata was our multivariate model plus 
continuous BMI, for additional control due to the wide range of BMI values within some 
strata (e.g. among obese women). 
Control for continuous BMI within strata further attenuated our risk estimates. For 
comparison, a model for everyday racism without control for continuous BMI gave a 
somewhat larger estimated HR (everyday racism quartile 4 HR=1.18, 95%CI=1.06–1.30, 
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vs. HR=1.10 95%CI=0.99–1.22).  
Results stratified by coping score (Table 8) show no evidence of effect 
modification for either everyday or lifetime racism, as for the effects estimates in the 
multivariate models are very similar across strata. 
DISCUSSION 
In support of our hypotheses, this large prospective study of African-American 
women found that women with higher scores for either perceived everyday or lifetime 
racism had a higher risk of type 2 diabetes compared to women with the lowest exposure. 
After adjusting for demographic, family history, and lifestyle factors, women in the 
highest quartile of perceived racism score had a 31% increased risk of diabetes compared 
to women in the lowest quartile, while women with the highest lifetime racism exposure 
had a 16% increased risk of diabetes compared to women with the lowest lifetime racism 
exposure. These results were supported by secondary analyses restricted to women with 
perceived racism exposure information in both 1997 and 2009.  
To our knowledge this is the first prospective longitudinal study of perceived 
racism and type 2 diabetes incidence. It builds on prior work using the BWHS cohort. 
Prospective longitudinal studies have evaluated perceived racism with chronic disease 
outcomes such as hypertension (78), uterine leiomyomata (87), breast cancer (88), weight 
change (56), and segregation and obesity (69). The latter two studies, in which more 
frequent experiences of racism were independently associated with higher weight gain 
and incident obesity (56, 69), are particularly germane to the current analysis, as 
mediation analysis estimated BMI may account for half of the association of perceived 
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racism with diabetes.  The hypothesized mechanism through which chronic stress may 
influence weight gain is activation of the central sympathetic nervous system and the 
hypothalamic-pituitary-adrenal (HPA) axis, which comprise the major stress response 
pathway in humans (56). The HPA axis, via corticotropin-releasing hormone, stimulates 
adrenocorticotropic hormone production and thereby cortisol secretion (102). Cortisol 
activates lipoprotein lipase, which regulates lipid accumulation in adipocytes, increasing 
fat retention, particularly in the abdominal region due to the high density of cortisol 
receptors located there (39). Both animal and human data (103–105) suggest that 
stressors can lead to weight gain. In addition to the possible link between HPA activation 
and obesity, stress tends to alter the pattern of food consumption, promoting the craving 
of nutrient-dense “comfort foods” (105).   
 However, in our results we have other indications that BMI and weight gain may 
not be the only explanation for the elevated risk of diabetes in this cohort. In the primary 
analysis there were small direct (non-BMI-mediated) associations for perceived racism 
with diabetes, and in data stratified by BMI, obese women with the highest everyday 
racism exposure had a significantly increased risk of diabetes compared to obese women 
with the lowest everyday racism exposure. Results for normal or overweight women were 
null, suggesting the elevated diabetes risks associated with greater racism exposure in the 
obese women were not merely due to their obesity status. In addition to the HPA-axis  
model previously discussed, there may be a further chronic stress response to racism 
through  behavioral or emotional pathways we are not detecting, or there may be residual 
confounding. Reviews of evidence of  chronic or emotional stress and diabetes  (106)  
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have found that general emotional stress, depression, anxiety, anger, hostility, and 
sleeping problems may all be associated with incident diabetes, but the authors were 
cautious about the possibility of publication bias with respect to findings that were 
published.  
However, any reported exposure to lifetime racism appeared to create a stronger 
association with diabetes incidence among women of normal weight, but not among 
overweight or obese women. Perceived racism due to unfair treatment in regard to 
housing, police, or the workplace may amplify diabetes risk in normal weight women 
who would not normally be at high risk based on their BMI. 
 The perceived racism questions reflect “ever exposure”, as they do not refer to a 
specific time frame.  From a biological chronic stress perspective, stress from these 
events has already occurred, and may be on-going. Studies of perceived stress and the 
body’s HPA-axis reactivity have found that not only current events, but also the memory 
of previous stressful events, and even the anticipation of future stressful events could 
influence cortisol levels (39).  The “everyday” racism exposure could occur in school 
settings, in the community, shopping, or at work. Thus, from a life-course perspective, 
these experiences could reach back into childhood or adolescence. The “lifetime racism” 
questions explicitly ask about experiences with police, in housing, and on the job; they 
are most likely to occur in adulthood.  In our sensitivity analysis in the subgroup of 
women with consistent experiences of racism in 1997 and 2009, we found an elevated 
risk of diabetes with increased everyday or lifetime racism exposures. In addition to the 
possibility likelihood of reduced exposure misclassification in this subgroup, it may also 
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give evidence of long-term chronic stress exposure, which could tie back to the chronic 
stress response.  
In prior BWHS studies with perceived racism, associations with adverse 
outcomes were weakened in women with better coping skills who scored above the 
median on the active coping scale (56, 87), but in this analysis there was no evidence that 
women with more effective methods of coping with stress were at reduced diabetes risk.  
It is possible that in the many “routes” to type 2 diabetes in this population, coping may 
take the form of eating comfort foods or sedentary behavior/TV watching which would 
not be reported as “coping”.  
Strengths of the current study include a large sample size drawn from many 
geographical areas in the United States, a prospective study design, and a long follow-up 
of 16 years. We were able to control for important confounding factors such as age, BMI, 
education, alcohol consumption, smoking, physical activity, diet, and SES. The 
associations for perceived racism and incident diabetes were still present after adjustment 
for these covariates, but it is possible that confounding by unknown or unmeasured 
confounders is responsible for the association. Exposure information was collected twice 
during follow-up, allowing sensitivity analyses to evaluate non-differential 
misclassification of the exposure and the consistency of associations between the 
perceived racism exposure and risk of diabetes. High follow-up of the cohort lessened the 
potential for bias from selective losses. 
All data used in these analyses were from self-report. The measures of perceived 
racism used in this study have been used previously in the BWHS (56, 69, 78, 87, 88, 93) 
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and have demonstrated high reproducibility in the BWHS cohort (78) and elsewhere (57, 
107) . Factor analysis in prior BWHS studies (78) showed that the perceived racism 
questions captured the underlying paradigms of everyday and lifetime experiences of 
racism (78). Because the exposure was measured before the outcome, any error in report 
of racism is most likely random and unlikely to affect reporting of the outcome. Due to 
the presence of multiple categories, this could bias toward, or away from, the null. 
As described in the BWHS chapter, validation studies were used to assess the 
accuracy of self-reported diabetes, self-reported weight, and to judge the under-diagnosis 
of diabetes in the cohort. Had women underreported their weight, this would have 
underestimated their BMI, leading to possible misclassification with respect to BMI; due 
to the presence of multiple BMI categories, this could bias associations with BMI toward 
or away from the null. In previous BWHS studies, under-diagnosis of diabetes was 
estimated to reduce the observed relative risk compared to the true relative risk by about 
5% (47). 
A limitation of this analysis is that we were unable to test for mediation by 
depression, another condition linked to racism, stress, and disruption of the 
neuroendocrine system (39, 44, 65, 67, 68). This was due to limitations in available data 
on depression scores and anti-depressant usage in this study sample, which was 
constructed based on the racism exposure. However, initial analyses including depression 
(not shown) found BMI to be by far the strongest predictor, but some residual effects 
attributed to BMI, or to racism, may be due to depression. Further research analyses 
constructed around racism, diabetes, and depression would be useful 
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In summary, this large prospective study of African-American women suggests 
that perceived racism is associated with a higher risk of incident type 2 diabetes. BMI 
appears to play an important mediating role, possibly accounting for half of this 
association. As both type 2 diabetes and obesity are important risk factors for 
cardiovascular disease, these results underscore the public health importance of 
continuing antidiscrimination efforts globally and in this country.  
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TABLES – STUDY 1 
Table 1: Baseline (1997) Characteristics by Perceived Everyday Racism 
  Quartile assignment, everyday racism score 
 
Sample 
(n=45781) 
Quartile 1 
(n=8389) 
Quartile 2 
(n=12896) 
Quartile 3 
(n=13121) 
Quartile 4 
(n=11375) 
Cases/person-years 5344/ 
576577 
964/ 
102486 
1486/ 
162891 
1439/ 
168065 
1455/ 
143135 
Age as of 3/1/1997 40.1(10.3) 43.2(11.4) 41.0(10.4) 39.2(9.8) 37.8(9.2) 
BMI                                    normal (<25kg/m2), % 28.8 31.0 30.1 28.6 26.2 
overweight (25–29kg/m2), % 31.8 32.8 32.4 32.3 29.9 
obese 30–34 kg/m2, % 19.0 18.8 18.7 18.6 20.2 
obese 35–39 kg/m2, % 10.1 9.0 9.8 10.2 11.2 
obese 40+ kg/m2, % 9.3 7.5 8.3 9.5 11.6 
Unknown, % 0.8 1.0 0.7 0.8 0.9 
Depressive Symptoms, 1999         (CESD <16), % 48.8 53.6 52.6 49.2 40.6 
 (CESD 16–22), % 10.8 6.9 9.4 12.1 13.4 
 (CESD 23+), % 9.3 4.3 6.8 9.3 15.5 
 (CESD unknown), % 31.2 35.2 31.2 29.4 30.4 
Active coping scale                     below median, % 25.2 26.6 25.6 25.0 24.0 
above median, % 37.9 32.7 37.1 40.1 40.1 
unknown, % 36.8 40.7 37.3 34.8 35.9 
Education, 16 or more years, %  45.9 40.4 46.6 49.0 45.5 
Married/living as married at baseline, % 41.2 43.9 43.0 41.1 37.4 
Neighborhood SES, baseline          (Quintile 5), % 17.4 17.0 17.7 17.4 17.5 
 (Quintile 4), % 18.0 17.4 18.2 18.7 17.5 
 (Quintile 3), % 18.3 17.9 18.9 18.4 17.9 
 (Quintile 2), % 18.5 19.4 18.4 18.9 17.4 
 (Quintile 1), % 19.2 20.4 18.7 18.1 19.9 
Has a family history of diabetes, % 37.5 35.7 37.7 37.4 38.6 
Non/Never smoker, % 64.7 64.0 65.0 65.4 64.2 
Alcohol: current, % 27.2 26.3 27.2 27.0 28.3 
Activity Level: 5+hrs/wk, baseline, % 8.5 7.8 8.7 8.4 9.0 
Walking for exercise:5+hrs/wk, baseline, % 12.9 13.0 12.1 12.7 13.9 
Values are means (SD) or percentages. 
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Table 2: Baseline (1997) Characteristics by Perceived Lifetime Racism 
 
 # positive responses (Yes)  to questions 
on lifetime racism 
 
Sample 
(n=45781) 
No to All 
(n=13209) 
Yes to 1 
(n=14663) 
Yes to 2 
(n=10859) 
Yes to 3 
(n=4911) 
Cases/person-years 5344/ 
576577 
1474/ 
166567 
1663/ 
185637 
1284/ 
137627 
650/ 
61495 
Age as of 3/1/1997 40.1(10.3) 39.4(10.7) 39.2(10.0) 40.7(10.0) 41.1(9.4) 
BMI                                  normal (<25kg/m2), % 28.8 30.0 29.4 28.4 26.7 
overweight (25–29kg/m2), % 31.8 31.3 31.7 32.4 32.2 
obese 30–34 kg/m2, % 19.0 19.1 18.7 18.6 20.1 
obese 35–39 kg/m2, % 10.1 9.9 10.1 10.7 10.0 
obese 40+ kg/m2, % 9.3 8.9 9.4 9.1 10.1 
Unknown, % 0.8 0.8 0.6 0.8 0.9 
Depressive Symptoms, 1999        (CESD <16) %  48.8 52.7 50.1 47.3 42.3 
 (CESD  16–22), % 10.8 9.1 10.9 11.8 12.7 
 (CESD 23+), % 9.3 6.9 9.0 11.0 13.1 
 (CESD unknown), % 31.2 31.3 30.0 29.8 31.9 
Active coping scale                   below median, % 25.2 26.8 25.8 24.6 21.2 
above median, % 37.9 34.8 38.1 40.1 43.7 
unknown, % 36.8 38.4 36.1 35.2 35.1 
Education, 16 or more years, %  45.9 41.2 47.0 50.0 50.6 
Married/living as married at baseline, % 41.2 40.5 40.8 42.5 40.7 
Neighborhood SES, baseline        (Quintile 5), % 17.4 15.2 17.1 19.6 20.1 
 (Quintile 4), % 18.0 17.4 17.8 19.3 18.6 
 (Quintile 3), % 18.3 18.6 18.8 18.0 17.1 
 (Quintile 2), % 18.5 19.3 18.7 17.7 17.1 
 (Quintile 1), % 19.2 21.4 19.5 16.3 16.6 
Has a family history of diabetes, % 37.5 36.0 37.0 38.2 40.8 
Non/Never smoker, % 64.7 68.2 66.1 62.5 59.1 
Alcohol: current, % 27.2 26.0 27.0 27.9 29.3 
Activity Level: 5+hrs/wk, baseline, % 8.5 8.0 8.6 8.8 9.9 
Walking for exercise:5+hrs/wk, baseline, % 12.9 12.0 12.5 13.9 13.9 
Values are means (SD) or percentages. 
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Table 3: Hazard Ratios (95% CI) for the association of perceived racism with risk of type 2 diabetes 
 Everyday Racism Exposure Lifetime Racism Exposure 
Models 
Dataset: All Women 
Q1 
(Ref) 
Lowest 
Q2 Q3 
Q4 
Highest 
No to all 
Lowest 
Yes to 1 Yes to 2 
Yes to 3 
Highest 
Cases/Person-years 964/102486 1486/162891 1439/168065 1455/143135 1474/166567 1663/185637 1284/137627 650/61495 
Crude IR per 1000PY 9.41 9.12 8.56 10.2 8.85 8.96 9.33 10.6 
Age-adjusted model
1 
HR (95% CI)
 
1.0 1.03 
(0.95–1.12) 
1.03 
(0.95–1.12) 
1.31 
(1.21–1.42) 
1.0 1.00 
(0.94–1.08) 
0.97 
(0.90–1.04) 
1.07 
(0.97–1.17) 
Multivariate Model
2 
   
HR (95% CI) 
1.0 1.05 
(0.97–1.14) 
1.06 
(0.98–1.15) 
1.31 
(1.20–1.42)  
1.0 1.05 
(0.98–1.13) 
1.04 
(0.97–1.13) 
1.16 
(1.05–1.27)  
         
Multivariate Model + 
BMI
 
HR (95% CI)
 
 
1.0 
 
1.00 
(0.92–1.09) 
 
0.98 
(0.90–1.06) 
 
1.13 
(1.04–1.22)  
 
1.0 
 
1.03 
(0.96–1.10) 
 
1.00 
(0.93–1.08) 
 
1.07 
(0.98–1.18) 
1. Age-adjusted model is adjusted for age, period.   2. Multivariate model: includes age, period, marital status, socioeconomic status (SES) 
quintile, education, family history of diabetes, current vigorous activity, current walking for exercise, current alcohol use and current smoking 
status. 
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Table 4: Hazard Ratios (95% CI) for the association of perceived racism with risk of type 2 diabetes among women 
with consistent experiences of racism, 1997–2009 
 Everyday Racism Exposure Lifetime Racism Exposure 
Dataset: racism score 
remaining constant,  
1997–2009 
Q1 
(Ref) 
Lowest 
Q2 Q3 
Q4 
Highest 
No to all 
Lowest 
Yes to 1 Yes to 2 
Yes to 3 
Highest 
Cases/Person-years 
513/ 
53842 
493/ 
52859 
398/ 
45177 
375/ 
35336 
798/ 
87481 
524/ 
58981 
407/ 
40567 
224/ 
22161 
Crude IR per 1000PY 9.53 9.33 8.81 10.6 9.12 8.88 10.0 10.1 
Age-adjusted model
1 
HR (95% CI)
 
1.0 1.14 
(0.92–1.42) 
1.20 
(0.96–1.50) 
1.38 
(1.08–1.75) 
1.0 0.93 
(0.77–1.13) 
1.02 
(0.83–1.24) 
1.04 
(0.81–1.33) 
Multivariate Model
2
  
HR (95% CI) 
1.0 1.16 
(0.93–1.44) 
1.23 
(0.98–1.54)  
1.32 
(1.04–1.68) 
1.0 0.98 
(0.81–1.19) 
1.14 
(0.93–1.40) 
1.19 
(0.93–1.53) 
1. Age-adjusted model is adjusted for age, period.  2. Multivariate model: includes age, period, marital status, socioeconomic status (SES) 
quintile, education, family history of diabetes, current vigorous activity, current walking for exercise, current alcohol use and current smoking 
status.  
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Table 5: Hazard Ratios (95% CI) for the association of perceived racism with risk of type 2 diabetes, by change in score 
category, 1997 to 2009 
 
 
For Everyday Racism  
 
For Lifetime Racism 
Dataset: racism score 
present,  
1997 and 2009
1 
Cases/ 
Person-
years 
Age-adjusted 
model
1  
HR (95% CI) 
Multivariate 
Model
2
  
HR (95% CI) 
 
Cases/ 
Person-
years 
Age-adjusted 
model
1  
HR (95% CI) 
Multivariate 
Model
2
  
HR (95% CI) 
Daily racism change 
in score category:
 
 
   Lifetime racism 
change in count 
category:
 
 
   
Decreased by 3Q 116/ 
10655 
1.16 
(0.82–1.64) 
1.09 
(0.78–1.54) 
Decreased by 3 
count 
42/ 
3480 
1.37 
(0.82–2.29) 
1.38 
(0.83–2.31) 
Decreased by 1 to 2Q 1765/ 
192156 
1.04 
(0.93–1.17) 
1.05 
(0.93–1.18) 
Decreased by 1 to 2 
count 
1092/ 
115594 
1.05 
(0.92–1.19) 
1.07 
(0.94–1.22) 
No change  
(Remained 0, 1, or 2) 
1404/ 
151878 
1.0 (REF) 1.0 (REF) Remained same  
(0, 1, or 2) 
1729 
/187030 
1.0 (REF) 1.0 (REF) 
No change - remained 
high (3) 
375/ 
35336 
1.26 
(1.04–1.53) 
1.21 
(0.99–1.47) 
Remained same high 
(3) 
224/ 
22161 
1.05 
(0.83–1.32) 
1.14 
(0.90–1.43) 
Increased by 1 to 2Q 566/ 
62990 
1.04 
(0.88–1.22) 
1.00 
(0.85–1.18) 
Increased by 1 to 2 
count 
790/ 
92511 
0.91 
(0.79–1.05) 
0.9 
(0.81–1.08) 
Increased by 3Q 18/ 
1617 
2.61 
(1.47–4.64) 
2.38 
(1.34–4.22) 
Increased by 3 count 24/ 
2565 
0.75 
(0.34–1.68) 
0.76 
(0.34–1.70) 
1. Age-adjusted model is adjusted for age, period.  2. Multivariate model: age, period, marital status, socioeconomic status (SES) quintile, 
education, family history of diabetes, current vigorous activity, current walking for exercise, current alcohol use and current smoking status  
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Table 6: Hazard Ratios (95% CI) for the association of perceived racism with risk of type 2 diabetes, alternate follow-
up censor strategy 
 Everyday Racism Exposure Lifetime Racism Exposure 
Models 
Dataset: All Women 
Q1(Ref) 
Lowest 
Q2 Q3 
Q4 
Highest 
No to 
all 
Lowest 
Yes to 1 Yes to 2 
Yes to 3 
Highest 
Cases/Person-years 
1136/ 
111977 
1703/ 
175549 
1646/ 
179586 
1624/ 
153006 
1669/ 
178195 
1884/ 
198221 
1479/ 
148803 
747/ 
66861 
Crude IR per 
1000PY 
10.1 9.70 9.17 10.6 9.37 9.50 9.94 11.2 
Age-adjusted model
1 
HR (95% CI)
 
1.0 
 
1.02 
(0.95–1.10) 
1.03 
(0.96–1.11) 
1.28 
(1.18–1.38) 
1.0 
 
1.01 
(0.94–1.08) 
0.98 
(0.91–1.05) 
1.07 
(0.98–1.17) 
Multivariate Model
2 
   
HR (95% CI) 
1.0 
 
1.04 
(0.97–1.12) 
1.06 
(0.98–1.14) 
1.28 
(1.18–1.38) 
1.0 
 
1.05 
(0.99–1.13) 
1.06 
(0.98–1.13) 
1.16 
(1.07–1.27) 
         
Multivariate Model 
+ BMI
 
HR (95% CI)
 
1.0 
 
0.99 
(0.92–1.07) 
0.98 
(0.90–1.05) 
1.11 
(1.02–1.20) 
1.0 
 
1.04 
(0.97–1.11) 
1.01 
(0.94–1.08) 
1.08 
(0.99–1.18) 
1. Age-adjusted model is adjusted for age, period.   2. Multivariate model: age, period and marital status, socioeconomic status (SES) quintile 
education; family history of diabetes, current vigorous activity, current walking for exercise, current alcohol use and current smoking status. 
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Table 7: Hazard Ratios (95% CI) for the association of perceived racism with risk of type 2 diabetes stratified by BMI 
 Everyday Racism (score quartile) Lifetime Racism Exposure 
Stratified by BMI 
categories 
Q1(Ref) 
Lowest 
Q2 Q3 
Q4 
Highest 
No to all 
Lowest 
Yes to 1 Yes to 2 
Yes to 3 
Highest 
BMI<25 
Cases/Person-years 
 
75/ 
32115 
99/ 
48683 
93/ 
47081 
60/ 
36307 
85/ 
50092 
110/ 
53798 
68/ 
38141 
39/ 
15676 
Multivariate
1 
 BMI(cont.) 
HR (95% CI) 1.0 
1.01 
(0.74–1.37) 
1.09 
(0.80–1.50) 
0.96 
(0.68–1.37) 
1.0 
1.25 
(0.93–1.66) 
1.05 
(0.76–1.45) 
1.39 
(0.94–2.04) 
BMI 25–29 
Cases/Person-years 
 
293/ 
35383 
419/ 
55310 
349/ 
56836 
310/ 
45500 
398/ 
54725 
408/ 
61481 
326/ 
46812 
169/ 
21296 
Multivariate
1 
 BMI(cont.) 
HR (95% CI) 1.0 
1.01 
(0.87–1.17) 
0.90 
(0.77–1.06) 
1.06 
(0.90–1.25) 
1.0 
0.95 
(0.82–1.09) 
0.93 
(0.80–1.08) 
1.04 
(0.86–1.25) 
BMI 30+ 
Cases/Person-years 
 
586/ 
34091 
958/ 
57794 
988/ 
62969 
1070/ 
60274 
974/ 
60640 
1137/ 
69299 
881/ 
51630 
439/ 
24008 
Multivariate
1 
 BMI(cont.) 
HR (95% CI) 
1.0 1.00 
(0.90–1.10) 
0.99 
(0.89–1.10) 
1.14 
(1.02–1.26) 
1.0 1.04 
(0.96–1.14) 
1.02 
(0.93–1.12) 
1.07 
(0.96–1.20) 
1. Multivariate model + current BMI (continuous). Base multivariate model is adjusted for age, period, marital status, socioeconomic status 
(SES) quintile, education, family history of diabetes, current vigorous activity, current walking for exercise, current alcohol use and current 
smoking status. 
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Table 8: Hazard Ratios (95% CI) for the association of perceived racism with risk of type 2 diabetes stratified by 
coping score 
Models with Coping 
Score 
Everyday Racism Exposure 
Lifetime Racism Exposure 
Women, Stratified by 
coping score 
Q1(Ref) 
Lowest 
Q2 Q3 
Q4 
Highest 
No to all 
Lowest 
Yes to 1 Yes to 2 
Yes to 3 
Highest 
Low: Score above 
cutpoint 
 
Cases/Person-years 
      
 
300/ 
30836 
 
424/ 
46101 
 
414/ 
45139 
 
383/ 
37163 
 
436/ 
48935 
 
507/ 
52217 
 
358/ 
36858 
 
150/ 
14128 
Multivariate
1
 
HR (95% CI) 1.0 
1.04 
(0.89–1.20) 
1.09 
(0.94–1.27) 
1.28 
(1.10–1.50) 
1.0 
1.12 
(0.99–1.28) 
1.05 
(0.91–1.21) 
1.15 
(0.95–1.38) 
High: Score below 
cutpoint
  
Cases/Person-years 
  
 
351/ 
37260 
 
584/ 
66683 
 
622/ 
74353 
 
655/ 
63749 
 
543/ 
64840 
 
679/ 
78577 
 
587/ 
60382 
 
304/ 
29496 
Multivariate
1 
 
HR (95% CI) 1.0 
0.98 
(0.86–1.12) 
1.02 
(0.90–1.17) 
1.29 
(1.13–1.47) 
1.0 
1.06 
(0.95–1.19) 
1.15 
(1.02–1.30) 
1.15 
(1.00–1.33) 
1. Multivariate model: age, period, marital status, socioeconomic status (SES) quintile, family history of diabetes, current vigorous activity, 
current walking for exercise, current alcohol use and current smoking status.   
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STUDY 2: ABUSE VICTIMIZATION AND DIABETES 
 
INTRODUCTION 
Abuse victimization, encompassing both physical and sexual abuse, occurs across 
the lifespan and is more frequent among African-American women than other American 
women. In 2012, rates of childhood victimization were higher for African-Americans 
(14.2 per 1,000 children) than for whites (8.0 per 1,000) or Hispanics(8.4 per 1,000) 
(108), although differences may be attenuated after adjustment for socio-demographic 
and family characteristics (109–112).  Rates of intimate partner violence also are higher 
for African-Americans than for whites (113–116). Rates of abuse victimization in the 
BWHS are consistent with those reported elsewhere (109–112, 117–121). 
 Consistent with the theory that chronic stress may lead to endocrine disruption 
(84) and increased risk of metabolic disorders later in life, studies of childhood adversity 
have found evidence of lifelong physical effects. A longitudinal analysis (1989 to 2005) 
in the Nurses’ Health Study (NHS) II (122) found that moderate to severe physical and 
sexual abuse in childhood and adolescence had a dose-response association with risk of 
type 2 diabetes among adult women. Excess risk of diabetes was partially explained by 
the higher BMI of women with a history of abuse in childhood or adolescence (122).  
Many studies of childhood adversity and adult outcomes have employed 
retrospective cross-sectional research designs. In a mixed-race, middle-aged population 
sample, childhood adversity was a stronger predictor of central obesity than other 
contemporaneous risk factors, consistent with early dysregulation of metabolic 
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functioning (123). A meta-analysis of 24 studies of child abuse and medical outcomes in 
adulthood found an increased risk of poor physical health in adulthood, including 
diabetes (124). A systematic review of studies of childhood socio-economic status found 
associations with type 2 diabetes, obesity or other metabolic abnormalities later in life, 
although the authors found few studies of child abuse and these outcomes (94).  In other 
studies child abuse has been associated with adult obesity (125, 126). 
In the BWHS, physical and sexual abuse during childhood and teenage years were 
associated with increased risk of overall and central obesity in adulthood (127). Sexual 
abuse in childhood was associated with early age at menarche (117) and uterine 
leiomyomata (128).  Childhood abuse, especially physical abuse, was positively 
associated with adult-onset asthma (129). Physical abuse during adulthood has been 
associated with risk of breast cancer (130).  
 Using the BWHS data, this eight-year prospective analysis (2005 – 2013) 
evaluated the association of abuse victimization in different life stages and risk of type 2 
diabetes in adulthood. We hypothesized that within each life stage, and compared to 
women with no abuse in their lifetime, women who experienced any abuse, more 
frequent abuse, or greater severity of abuse would have a greater risk of diabetes in 
adulthood. Further, we hypothesized that women who experienced abuse in childhood 
would have a stronger increased risk of diabetes, compared to women who first 
experienced abuse in adolescence or adulthood, and women would have an increasing 
risk of diabetes in adulthood with greater cumulative exposure to abuse across their life 
span.  
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METHODS 
Analytic Sample 
Exposure information on sexual and physical violence in childhood, adolescence, 
and adulthood was collected on the 2005 BWHS questionnaire. Potential subjects were 
the 37,700 BWHS participants who completed the 2005 questionnaire and were free of 
type 2 diabetes at that time. The analytic sample includes women who completed the 
2005 questionnaire and at least one subsequent follow-up survey. Exclusions include 
women who did not respond to the abuse victimization questions and as for study 1, 
prevalent cases (up to 2005) of diabetes, cancer, myocardial infarction, stroke, or having 
had a coronary bypass. Cardiovascular disease is a frequent complication of diabetes, and 
certain cancers are associated with having diabetes or signs of insulin resistance – 
therefore any of these conditions might indicate undiagnosed diabetes or pre-diabetes. 
These exclusion criteria are common in studies of diabetes, and have been used in other 
BWHS studies (131).  
Diabetes outcome 
The definition of incident cases of diabetes is provided in the chapter that 
describes the BWHS. 
Abuse Victimization Exposure Variables 
The 2005 BWHS questionnaire included nine questions adapted from the 
Conflicts Tactics Scale (132) and Pregnancy Abuse Assessment Screen (131) , assessing 
exposure to sexual and physical violence as a child, teenager, or adult. Period-of-life 
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exposure options were never, 1–3 times, or 4 or more times; exposure within the last year 
was Yes/No.  
Physical abuse was defined as any report of a perpetrator having … “pushed, 
grabbed or shoved me”, “threw something at me that could hurt me”, “kicked, bit, or 
punched me”, “hit me with something including hand or fist”, “physically attacked me in 
some other way” at a frequency of 4 or more times, or either “choked or burned me”, or 
“seriously harmed someone I loved” at any frequency. Sexual abuse was defined as any 
report of a perpetrator having “exposed their genitals against my will” 4 or more times, or 
“was sexual with me against my will” at any frequency. 
Exposure information was used to create summary frequency variables for 
physical and sexual abuse at each stage of life , using definitions which have been used 
previously in the BWHS (127, 128, 130, 133) or other studies (134, 135). A life stage 
physical abuse summary score (range 0– 9) was created by assigning 1 point for each 
report of a physical abuse item occurring 4 or more times, except for severe items 
assigned 1 point for reports of 1–3 times and 2 points for 4 or more times (“choked or 
burned me”; “harmed someone I loved“). The resulting physical abuse score (range 0 to 
9) was further categorized into physical abuse frequency low (score=1), intermediate 
(score=2) or high(score >=3).  Within a life stage a sexual abuse frequency variable 
categorized 4 or more incidents separately from 1–3 incidents of sexual assault.  
The abuse severity variable within each life stage combined sexual and physical 
forms into categories mild (1 type of physical abuse 4 or more times), moderate(sexual 
abuse 1–3 times and/or 2 forms of physical abuse 4 or more times, or a severe abuse at 
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any frequency), severe(sexual abuse 4 or more times, and/or 3 forms of physical abuse 4 
or more times), very severe(sexual abuse 4 or more times, and 3 forms of physical abuse 
4 or more times ). For abuse during adulthood, exposure in the past year will be captured 
for sexual abuse (yes/no), and physical abuse (yes/no) (128).  
The Conflicts Tactics Scale (132) and Pregnancy Abuse Assessment Screen (131) 
instruments are widely used and shown to have high reproducibility in different 
populations. In the course of repeated mailings of the 2005 questionnaire, 290 women 
returned duplicate questionnaires, essentially giving a random sample of participants in 
which to judge reproducibility. Weighted kappas ranged from 0.68 to 0.78 for responses 
to sexual abuse questions and from 0.48 to 0.60 for responses to physical abuse 
questions.(133) 
Covariates 
 Information on other common covariates can be found in the BWHS chapter.  
Statistical Analyses  
Procedures generally followed those for Study 1. Descriptive analyses examined 
demographic, behavior, and health status characteristics at baseline for this analysis 
(2005) by exposure status and of the sample as a whole. Characteristics of participants 
excluded from the analysis sample were compared to those included in the analysis 
sample. 
Cox proportional hazards regression was used to calculate unadjusted and 
adjusted hazard ratios (HRs) and 95% confidence intervals (CI) for the associations of the 
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abuse victimization variables and type 2 diabetes. The reference category was “no abuse 
across the life span” in all analyses. Person-years was calculated from 2005 to the year of 
diagnosis of type 2 diabetes, loss to follow-up, death, occurrence of any of the 
exclusionary conditions, or end of follow-up in 2013. The endpoint of person-time was 
the midpoint of the year. 
Primary analyses first evaluated whether women with any type of abuse 
throughout their life had a higher risk of diabetes in adulthood, compared to women who 
have had no abuse across their life span. Analyses proceeded through each life stage 
(childhood, adolescence, adulthood) and evaluated risk of incident type 2 diabetes in 
adulthood by type of abuse (sexual or physical), frequency of abuse (categorical sexual or 
categorical physical), and severity of abuse (combined categorical sexual and/or 
physical). Analyses in a life stage also controlled for abuse in previous life stages (e.g. 
analysis of abuse in adulthood adjusted for abuse in childhood and adolescence). To 
ensure the reference group was always women with no abuse across the life span, 
analyses of physical abuse frequency in a life stage were restricted to women who had 
reported physical abuse in that life stage, or no abuse in their lifetime, but excluded 
women who reported only sexual abuse in that life stage. In a similar fashion, analyses of 
sexual abuse frequency in a life stage were restricted to women who had reported sexual 
abuse in that life stage, or no abuse in their lifetime, but excluded women who reported 
only physical abuse. We also evaluated whether women who first experienced abuse in 
childhood had a higher risk of diabetes incidence in adulthood, compared to women who 
first experienced abuse in adolescence or adulthood.  
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In a sensitivity analysis, an alternate censoring strategy was used to determine 
how outcomes might differ if during follow-up, participants who developed chronic 
disease conditions (cancer, MI, stroke, coronary bypass) were not censored; women were 
only censored if they developed diabetes, or were lost to follow-up. At baseline, prevalent 
cases of diabetes were excluded, as were those who developed diabetes before age 30.  
All analyses were stratified by age and questionnaire cycle. Adjusted models 
included covariates identified by the by the same procedure as described for Study 1, 
starting with the same list of covariates. 
 
Secondary Analyses 
 
Using the same procedures as for study 1, BMI was assessed as a mediator on the 
causal pathway in the relationship between abuse and diabetes, as increased obesity may 
have occurred due to abuse (127).  In addition, BMI and active coping skills were 
examined for potential effect measure modification in stratified analyses.  
 
RESULTS 
Participant Characteristics  
The baseline sample for study 2 included 43,179 women, of whom 13,986 women 
were excluded because of inclusion/exclusion criteria (6,572 lacked exposure 
information; 4,498 had prevalent diabetes; and 2,824 had cancer, MI, stroke, or a 
coronary bypass), leaving 29,193 in the analysis sample. Compared to those included in 
the analysis sample (Appendix Table 23), those excluded were older and more likely to 
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be overweight or obese, and to have a family history of diabetes. They were less 
educated, and less likely to be married, or to live in a high SES neighborhood. They were 
more likely to be smokers or former smokers, but less likely to drink alcohol, or to 
exercise vigorously. Similar numbers reported walking for exercise. Those excluded were 
more likely to be missing information on depression and coping skills.  
Participant characteristics by abuse exposure throughout the lifespan are shown in 
Tables 9a and 9b. Mean age in 2005 was 47.7 years. A majority of women in the analysis 
sample reported some type of abuse throughout their life (69%). Approximately half of 
the women reported abuse in childhood, 37% abuse in adolescence, and 40% reported 
abuse as an adult. In each life stage, physical abuse appears to have been more common 
than sexual abuse, with the greatest frequency of physical abuse reported in childhood 
(87% of those reporting any abuse in childhood reported physical abuse). Sexual abuse 
was more common in adolescence (53.6% reporting) and adulthood (51%) compared to 
childhood (38.5% reporting), although a greater percentage of women reported the 
highest level of sexual abuse in childhood (of those reporting any child abuse, 12.4% 
reported sexual abuse >=4 times). For each life stage, women who reported any abuse 
were younger and more likely to be obese than women who reported no abuse. Those 
reporting abuse were less likely to be married, to have owned a home in childhood, or to 
follow the “prudent” diet pattern. They were less likely to walk for exercise, and more 
likely to watch 5 or more hours of television a day, to drink alcohol, and be ever-
smokers. Women reporting abuse were more likely to report depressive symptoms and 
use of anti-depressants. Family history of diabetes was similar across exposure to abuse. 
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Women who reported abuse in childhood were more likely to have had 16 or more years 
of education, to have income greater than or equal to $50,000 a year, and higher baseline 
SES than those who reported no abuse, while this pattern was reversed for women who 
reported any abuse in teen or adult years. 
Abuse and Diabetes 
During 206,447 person-years of follow-up, 2,018 incident cases of diabetes were 
reported. Relative to women who experienced no abuse in their lifespan, there was no 
evidence of increased risk of type 2 diabetes in adulthood associated with a high-level 
measure of “any” abuse in life (Table 10). However, there was an increased risk of 
diabetes among women who experienced abuse only during adolescence (cumulative 
exposure, adolescence only, HR=1.24, 95%CI 1.02–1.53) or only during adolescence and 
childhood (HR=1.17, 95%CI, 1.00–1.36), in analyses adjusted for demographic, lifestyle, 
and health factors (Table 10). 
Among women reporting abuse in childhood, risk of diabetes in adulthood was 
highest among women reporting both sexual and physical abuse (multivariate HR=1.13, 
95%CI= 0.98–1.31), compared to no abuse (Table 11). Risk increased with increasing 
frequency of physical abuse (high frequency, HR=1.13, 95%CI= 0.97–1.31), frequency 
of sexual abuse (greater than 4 incidents during childhood, HR=1.17, 95%CI=0.91–1.51), 
and increasing severity of abuse (severe or very severe, HR=1.14, 95%CI=1.00–1.30). 
Among women reporting abuse during adolescence, risk of diabetes increased 
with increasing frequency of sexual abuse (greater than four incidents during 
adolescence, multivariate HR=1.32, 95%CI=0.97–1.78), and increasing severity of abuse 
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(severe or very severe, HR=1.15, 95%CI,0.92–1.43), compared to no abuse. Other 
associations were largely null (Table 11). 
After adjusting for covariates, associations of diabetes with abuse during adult 
years were largely null (Table 12). 
Using an alternate censoring strategy in which women who developed chronic 
conditions were not censored (Appendix Table 24) resulted in more women in the 
analysis sample (n=32,042 vs. n=29,193 in the original). The additional women were 
spread fairly evenly across exposure categories. Unadjusted IRs were slightly higher in 
the new sample, across all categories, including the reference unexposed group. The 
overall pattern of results was the same, although the HRs for childhood sexual abuse 
frequency were somewhat weaker. 
Mediation by BMI 
Results were attenuated after adjusting for categorical BMI (Tables 10, 11, 12). 
Mediation analyses, which essentially compare our standard multivariate model to the 
multivariate+BMI model, yielded some evidence of mediation by BMI. For the exposure 
expressed as cumulative exposure to abuse during adolescence only, for which we found 
an increased risk of diabetes (Table 10), the estimated mediation proportion for BMI was 
4.8% (95%CI = -7.8% to 17.42%).  For abuse during childhood and adolescence only, the 
estimated mediation proportion was 58.8% (95%CI= -3.9% to 121.5%).  
For associations of diabetes with severity of abuse during childhood, for the most 
exposed group (severe/very severe), the estimated mediation proportion for BMI was 
54.1% (95%CI = -3.4% to 111.5). For severity of abuse during adolescence, for the most 
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exposed group, the proportion was 13.0% (95%CI = -16.9% to 42.8%). For associations 
of diabetes with sexual abuse during adolescence, the estimated mediation proportion for 
BMI was too small to calculate for the most exposed group. 
Effect Modification Assessment 
Results stratified by time-varying BMI are shown in Table 13. Compared to no 
abuse, overweight women experienced an increased risk of diabetes with childhood 
sexual abuse (HR=1.47, 95%CI 1.05–2.07). These associations with childhood abuse 
were absent for normal weight and obese women. Associations with abuse in adolescence 
or in adulthood were similar across BMI strata, with widely overlapping confidence 
intervals. Associations by first life stage of abuse were null, as were associations with 
“any abuse” across the life span. 
In results stratified by coping skills (Table 14), women with low coping skills had 
an elevated risk of diabetes associated with cumulative abuse during adolescence only, or 
during childhood and adolescence, compared to no abuse: HR=1.38, 95%CI 1.00–1.91, 
and HR=1.27, 95%CI 0.99–1.63 respectively. Other associations were similar across 
strata.  
 
DISCUSSION 
Our primary finding was that African-American woman who experienced abuse 
during childhood or adolescence had a higher risk of type 2 diabetes in adulthood 
compared to women with no abuse across their life span; risk increased with greater 
frequency or greater severity of abuse. There was no evidence for our hypothesis that 
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women who experienced abuse in adulthood would have a higher risk of diabetes.  We 
also did not observe an effect of age at first abuse on the risk of diabetes in adulthood, 
and the hypothesis of increasing risk of diabetes with greater cumulative exposure to 
abuse across the life span was not supported. 
This study builds on prior analyses using BWHS data which found positive 
associations between aspects of childhood and/or adolescent abuse and increased risk of 
early age at menarche (117), obesity in adulthood (127), asthma (129), and uterine 
leiomyomata (128). Physical abuse during adulthood was associated with risk of breast 
cancer (130). For all of these, the hypothesized mechanism linking abuse to the outcome 
was chronic stress and its physiologic consequences, particularly effects through the 
neuroendocrine system or the immune system. 
The present results lend support to a life course model of risk (136–138).  Studies 
of childhood adversity have found evidence of lifelong physical effects (94, 123, 124).  
Early life may be a sensitive period for exposure to sexual or physical abuse, increasing 
risk of chronic diseases such as obesity (125–127) and diabetes in later life. The linkage 
of abuse to adult health may occur through direct biological mechanisms (138, 139) such 
as disruption of the neuroendocrine system leading to increased weight gain, or 
alternatively, the linkage may occur  through behavioral, cognitive, social, or emotional 
pathways (140), including behaviors such as substance abuse or eating disorders. The 
current study was not able to separate possible neuroendocrine effects from behavioral 
factors which may affect risk, although we adjusted for known confounders. 
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Our finding of higher diabetes risk in adulthood associated with abuse during 
childhood and adolescence is consistent with results from a longitudinal analysis (1989 to 
2005) in the Nurses’ Health Study II (122), which reported that moderate to severe 
physical and sexual abuse in childhood and adolescence had a dose-response association 
with risk of type 2 diabetes among adult women. Excess risk of diabetes in the NHSII 
study was partially explained by the higher BMI of women with a history of abuse in 
childhood or adolescence (122). In our study, the effect estimates were somewhat lower, 
and we also found evidence of mediation by BMI. The analysis sample from the BWHS 
was somewhat older and had a greater proportion of obese women compared to the 
NHSII, which may have diluted associations between abuse and diabetes risk in our 
analysis. 
Consistent with the results for cumulative lifetime exposure, women with low 
coping skills had a higher risk of diabetes in adulthood associated with abuse during 
adolescence or only in childhood and adolescence. This is in line with research on 
resiliency among women who have experienced abuse, directed at finding protective 
factors that might buffer women against long-term effects of abuse. Some factors include 
social support in adulthood (141, 142), coping skills and religious or spiritual beliefs 
(143), and developing a greater sense of community and commitment to others in 
adulthood (144). 
Strengths of the current study include a large sample size drawn from many 
geographical areas in the United States, prospective study design in which the exposure 
was collected before the outcomes were determined, and a long follow-up of eight years. 
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We were able to control for important confounding factors such as age, BMI, education, 
alcohol consumption, smoking, physical activity, diet, and SES. High follow-up of the 
cohort lessened the potential for bias from selective losses. Models were carefully 
constructed such that the comparison reference group for each abuse victimization 
variable was women with no abuse exposure across their life span. Models controlled for 
prior life stage abuse, and separated sexual and physical abuse. 
All data used in these analyses were from self-report. The measures of abuse used 
in this study have been used previously in the BWHS (132, 145). Factor analysis in prior 
BWHS studies (133) confirmed the preconceptualized domains of abuse. In addition, 
evidence from studies of abuse have shown that retrospective reports of abuse are valid 
(i.e. less likely to be false positives), and that underreporting is more common (146). As 
described in the BWHS chapter and for study 1, validation studies were used to assess the 
accuracy of self-reported diabetes, self-reported weight, and judge the under-diagnosis of 
diabetes in the cohort.  
As for study 1, a limitation of this analysis is that we were unable to test for 
mediation by depression, another condition linked to stress and disruption of the 
neuroendocrine system (39, 44, 65, 67, 68). This was due to limitations in available data 
on depression scores and anti-depressant usage in this study sample, which was 
constructed based on the abuse exposure. However, initial analyses including depression 
(not shown) found BMI to be the strongest predictor, but some residual effects may be 
due to depression. Further research analyses constructed around abuse, diabetes, and 
depression would be useful. 
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In summary, this study found that African-American women who experienced 
abuse during childhood or adolescence, but not abuse during adulthood, had a higher risk 
of type 2 diabetes compared to women with no abuse across their life span. In addition, 
risk of diabetes in adulthood increased with greater frequency or severity of abuse in 
childhood or adolescence. The potentially life-long health consequences of child or 
adolescent abuse, both in disease and increased healthcare costs to individuals and to 
their families, emphasize the ongoing need for community-based practices to educate and 
prevent abuse (138, 147).  
 
  
52 
TABLES – STUDY 2 
Table 9a Characteristics (2005) of the BWHS study population by “ever abuse” 
Baseline (2005) Characteristics 
Whole 
Sample 
EVER experienced any abuse 
 (n=29193) 0: No (n=9185) 1: Yes (n=20008) 
Age
*
 (baseline, 2005) 47.7(10.0) 49.0(10.8) 47.0(9.6) 
Frequency of sexual abuse              None, % 58.7 100.0 40.2 
1–3 times, % 32.3  46.8 
>=4 times, % 9.0  13.0 
Frequency of physical abuse           None, % 41.3 100.0 14.9 
Low, % 27.3  39.6 
Intermediate, % 11.7  17.0 
High, % 19.6  28.5 
BMI                           normal (<25kg/m2), % 19.6 20.4 19.3 
 overweight (25–29kg/m2), % 31.3 32.6 30.8 
obese 30–34 kg/m2, % 23.7 23.7 23.6 
obese 35–39 kg/m2, % 13.0 12.2 13.3 
obese 40+ kg/m2, % 11.3 10.1 11.8 
Unknown, % 1.1 1.0 1.2 
Depressive Symptoms          (CESD <16), % 59.8 63.9 57.9 
(CESD  16–22), % 12.1 9.7 13.2 
(CESD 23+), % 10.3 6.4 12.0 
(CESD unknown), % 17.9 20.1 16.9 
Active coping scale,           below median, % 37.9 40.7 36.7 
above median, % 57.2 52.4 59.4 
unknown, % 4.9 6.9 3.9 
Neighborhood SES, baseline 
(Quintile 5), % 
 
17.5 
 
18.1 
 
17.3 
(Quintile 4), % 18.2 18.4 18.0 
(Quintile 3), % 18.5 18.5 18.6 
(Quintile 2), % 18.9 18.8 18.9 
(Quintile 1), % 19.2 18.9 19.3 
Education, 16 or more years, % 62.1 61.9 62.2 
Married/living as married at baseline, % 45.0 48.2 43.6 
Has a family history of diabetes, % 36.1 36.1 36.2 
Non/Never smoker, % 66.6 70.9 64.7 
Alcohol: current, % 24.7 22.3 25.8 
Activity Level: 5+hrs/wk, baseline, % 7.8 7.8 7.8 
Walking for exercise:5+hrs/wk, baseline, % 12.7 13.7 12.2 
Values are means (SD) or percentages.  
  
53 
Table 9b Characteristics (2005) of the BWHS study population by life stage abuse 
Baseline (2005) Characteristics 
CHILDHOOD: any 
abuse 
TEEN: any abuse 
ADULT: any abuse 
stringent definition 
 
0: No 
(n=14962) 
1: Yes 
(n=14231) 
0: No 
(n=18465) 
1: Yes 
(n=10728) 
0: No 
(n=17549) 
1: Yes 
(n=11644) 
Age
*
 (baseline, 2005) 48.7(10.4) 46.6(9.5) 48.3(10.4) 46.5(9.2) 47.7(10.4) 47.6(9.5) 
Frequency of sexual abuse 
None, % 
 
100.0 
 
61.5 
 
100.0 
 
46.4 
 
100.0 
 
49.0 
1–3 times, %  26.1  43.7  44.9 
>=4 times, %  12.4  9.9  6.1 
Frequency of physical abuse 
None, % 
 
100.0 
 
12.9 
 
100.0 
 
27.5 
 
100.0 
 
23.5 
Low, %  38.4  38.7  43.9 
Intermediate, %  18.8  15.4  13.5 
High, %  30.0  18.4  19.2 
BMI               normal (<25kg/m2), % 20.0 19.2 20.4 18.3 20.0 19.1 
 overweight (25–29kg/m2), % 32.6 30.0 32.2 29.8 31.6 30.9 
obese 30–34 kg/m2, % 24.1 23.3 23.2 24.4 23.4 24.1 
obese 35–39 kg/m2, % 12.2 13.8 12.6 13.5 12.8 13.1 
obese 40+ kg/m2, % 10.1 12.6 10.4 12.8 11.1 11.7 
Unknown, % 1.0 1.2 1.1 1.2 1.1 1.1 
Depressive Symptoms (CESD <16), % 61.9 57.6 62.6 55.1 62.9 55.2 
(CESD 16–22), % 10.8 13.4 10.9 14.1 10.8 14.0 
(CESD 23+), % 8.1 12.5 8.2 13.8 8.0 13.6 
(CESD unknown), % 19.1 16.6 18.3 17.1 18.3 17.2 
Active coping scale, below median, % 39.5 36.3 39.2 35.9 38.9 36.4 
above median, % 54.4 60.1 55.2 60.6 55.5 59.7 
unknown, % 6.1 3.6 5.6 3.5 5.5 3.8 
Neighborhood SES, baseline 
(Quintile 5), % 
 
17.0 
 
18.0 
 
18.1 
 
16.6 
 
18.5 
 
16.0 
(Quintile 4), % 17.9 18.4 18.0 18.3 18.9 17.0 
(Quintile 3), % 18.3 18.8 18.9 18.0 19.0 17.9 
(Quintile 2), % 18.8 18.9 18.7 19.1 18.7 19.1 
(Quintile 1), % 20.1 18.3 18.9 19.6 17.8 21.3 
Education, 16 or more years, % 60.6 63.6 63.0 60.5 63.8 59.5 
Married/living as married at 
baseline, % 
45.6 44.5 46.1 43.2 48.5 39.8 
Has a family history of diabetes, % 36.2 36.1 35.8 36.7 35.6 37.0 
Non/Never smoker, % 68.0 65.1 69.1 62.3 70.0 61.5 
Alcohol: current, % 23.7 25.7 23.6 26.5 23.1 27.0 
Activity Level: 5+hrs/wk, baseline, % 7.7 7.8 7.7 7.9 8.0 7.4 
Walking for exercise:5+hrs/wk, 
baseline, % 
13.2 12.2 12.9 12.3 12.9 12.4 
Values are means (SD) or percentages.
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Table 10 Hazard Ratios (95% CI) for the association of abuse with risk of type 2 
diabetes 
Exposure measure 
Cases/ 
Person-
years 
IR per 
1000PY 
Age-adjusted 
model
1
 HR(95% CI) 
Multivariate 
Model
2
 
HR(95% CI) 
Multivariate 
Model
2
+BMI 
HR(95% CI) 
No abuse across the 
life span
3 617/64647 9.54 1.00(referent) 1.00(referent) 1.00(referent) 
Any abuse across life 
span
 
(all women) 
1401/141800 9.88 1.07(0.98–1.18) 1.06(0.97–1.17) 1.04(0.94–1.14) 
Any abuse in 
childhood
4
 
983/101064 9.73 1.08(0.97–1.19) 1.08(0.97–1.19) 1.04(0.94–1.15) 
Any abuse in 
adolescence
5 771/75816 10.2 1.11(0.94–1.31) 1.08(0.92–1.27) 1.07(0.91–1.25) 
Any abuse in 
adulthood
6
 
821/82365 9.97 1.01(0.88–1.17) 0.98(0.85–1.13) 1.01(0.87–1.17) 
Cumulative exposure 
to abuse
 
(all women) 
     
Childhood only 254/28176 9.01 1.01(0.88–1.17) 1.05(0.90–1.21) 1.04(0.90–1.20) 
Adolescence only 110/9553 11.5 1.25(1.02–1.54) 1.24(1.02–1.53) 1.23(1.00–1.51) 
Adulthood only 223/21797 10.2 1.05(0.90–1.22) 1.01(0.86–1.18) 1.04(0.89–1.21) 
Childhood and 
Adolescence 
216/21705 9.95 1.15(0.98–1.34) 1.17(1.00–1.36) 1.07(0.92–1.26) 
Childhood and 
adulthood 
153/16011 9.56 1.00(0.84–1.20) 1.01(0.84–1.21) 0.98(0.82–1.17) 
Adolescence and 
adulthood 
85/9386 9.06 0.97(0.77–1.21) 0.91(0.73–1.15) 0.90(0.72–1.13) 
All three life stages 360/35171 10.2 1.11(0.97–1.26) 1.07(0.94–1.22) 1.02(0.90–1.17) 
Stage at first abuse
  
(all women) 
     
Childhood 983/101064 9.73 1.07(0.97–1.19) 1.08(0.97–1.19) 1.03(0.93–1.14) 
Adolescence 195/18939 10.3 1.11(0.94–1.30) 1.07(0.91–1.26) 1.06(0.90–1.25) 
Adulthood 223/21797 10.2 1.05(0.90–1.22) 1.01(0.86–1.18) 1.04(0.89–1.22) 
1. Age-adjusted model is adjusted for age, period and the exposure.  2. Multivariate model includes age, 
period, marital status, socioeconomic status (SES) quintile, education, family history of diabetes, current 
vigorous activity, current walking for exercise, current alcohol use and current smoking status.  Addition of 
BMI includes 5-category BMI.   3. Reference group for all analyses.  
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Table 11 Hazard Ratios (95% CI) for association of abuse in childhood or 
adolescence, with type 2 diabetes 
CHILDHOOD
4
 
Cases/ 
Person-
years 
IR per 
1000PY 
Age-adjusted 
Model
1  
HR(95% CI) 
Multivariate 
Model
2
 
HR(95% CI) 
Multivariate 
Model
2
+BMI 
HR(95% CI) 
No abuse across life
3
 617/64647 9.54 1.00(referent) 1.00(referent) 1.00(referent) 
Any abuse in 
childhood
4
 
983/101064 9.73 1.08(0.97–1.19) 1.08(0.97–1.19) 1.04(0.94–1.15) 
Type of abuse      
   Physical abuse only 603/62796 9.60 1.05(0.94–1.18) 1.06(0.95–1.19) 1.03(0.92–1.15) 
   Sexual abuse only 124/12893 9.62 1.06(0.87–1.29) 1.07(0.88–1.30) 1.03(0.84–1.25) 
   Sexual and physical 256/25375 10.1 1.15(0.99–1.33) 1.13(0.98–1.31) 1.06(0.91–1.23) 
Physical abuse 
frequency
7
 
     
   Low 363/39082 9.29 1.00(0.87–1.14) 1.00(0.87–1.15) 0.98(0.86–1.13) 
   Intermediate 196/19171 10.2 1.10(0.93–1.30) 1.12(0.94–1.32) 1.09(0.93–1.29) 
   High 300/29918 10.0 1.11(0.95–1.29) 1.13(0.97–1.31) 1.06(0.91–1.24) 
Sexual abuse 
frequency
8
 
     
   1–3 incidents 251/26092 9.62 1.03(0.84–1.25) 1.03(0.84–1.26) 1.00(0.81–1.22) 
   ≥4 incidents 129/12175 10.6 1.19(0.92–1.53) 1.17(0.91–1.51) 1.08(0.84–1.39) 
Severity of abuse      
   Mild 292/30344 9.62 1.04(0.90–1.19) 1.04(0.91–1.20) 1.03(0.89–1.18) 
   Moderate 321/33862 9.48 1.04(0.91–1.19) 1.04(0.91–1.20) 1.01(0.89–1.16) 
   Severe/very severe 370/36858 10.0 1.15(1.01–1.31) 1.14(1.00–1.30) 1.06(0.93–1.21) 
ADOLESCENCE
5
      
Any abuse 
5
 771/75816 10.2 1.11(0.94–1.31) 1.08(0.92–1.27) 1.07(0.91–1.25) 
Type of abuse      
   Physical abuse only 359/35420 10.1 1.13(0.93–1.35) 1.08(0.90–1.31) 1.08(0.89–1.30) 
   Sexual abuse only 209/21024 9.94 1.09(0.90–1.31) 1.07(0.89–1.28) 1.06(0.88–1.27) 
   Sexual and physical  203/19373 10.5 1.15(0.93–1.43) 1.09(0.88–1.36) 1.07(0.86–1.33) 
Physical abuse 
frequency
7
 
     
   Low 300/29549 10.2 0.99(0.79–1.25) 0.96(0.76–1.21) 0.95(0.76–1.19) 
   Intermediate 118/11599 10.2 0.99(0.75–1.33) 0.97(0.73–1.29) 0.93(0.70–1.25) 
   High 144/13644 10.6 1.03(0.77–1.37) 0.97(0.73–1.30) 0.95(0.71–1.27) 
Sexual abuse 
frequency
8
 
     
   1–3 incidents 328/33167 9.89 1.18(0.97–1.44) 1.15(0.94–1.40) 1.15(0.94–1.40) 
   ≥4 incidents 84/7229 11.6 1.39(1.03–1.88) 1.32(0.97–1.78) 1.32(0.97–1.78) 
Severity of abuse      
   Mild 214/20954 10.2 1.13(0.93–1.37) 1.08(0.89–1.32) 1.09(0.89–1.32) 
   Moderate 362/36808 9.83 1.08(0.91–1.29) 1.06(0.89–1.26) 1.04(0.88–1.24) 
   Severe/very severe 195/18054 10.8 1.21(0.98–1.51) 1.15(0.92–1.43) 1.13(0.91–1.41) 
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1. Adjusted for age, period. 2. Model: age, period, marital status, SES, education, family history of 
diabetes, vigorous activity, walking, alcohol use and smoking status.  Addition of 5-category BMI. 3. 
Reference group, all analyses. 4. Restricted to women who reported child abuse, or never abuse (ref). 
5. Restricted to women who reported adolescent abuse, or never abuse (ref). Models control for prior 
life-stage child abuse. 6. Restricted to women who reported abuse during adulthood, or never abuse 
(ref). Control for prior life-stage child or adolescent abuse. 7. In analyses of physical abuse, women 
who experienced only sexual abuse were excluded. 8. In analyses of sexual abuse, women who 
experienced only physical abuse were excluded. 
 
 
Table 12 Hazard Ratios (95% CI) for the association of abuse in adulthood with risk 
of type 2 diabetes  
ADULTHOOD
6
 
Cases/ 
Person-
years 
IR per 
1000PY 
Age-adjusted 
Model
1  
HR(95% CI) 
Multivariate 
Model
2
 
HR(95% CI) 
Multivariate 
Model
2
+BMI 
HR(95% CI) 
Any abuse in 
adulthood
6
 
821/82365 9.97 1.01(0.88–1.17) 0.98(0.85–1.13) 1.01(0.87–1.17) 
Type of abuse      
   Physical abuse only 400/40303 9.92 1.04(0.89–1.22) 0.98(0.84–1.16) 1.00(0.85–1.18) 
   Sexual abuse only 180/19780 9.10 0.94(0.78–1.14) 0.95(0.79–1.15) 0.99(0.82–1.19) 
   Sexual and physical  241/22283 10.8 1.07(0.88–1.29) 1.01(0.84–1.23) 1.06(0.87–1.28) 
Physical abuse 
frequency
7
 
     
   Low 335/36310 9.23 0.95(0.80–1.14) 0.92(0.77–1.10) 0.94(0.78–1.12) 
   Intermediate 121/10895 11.1 1.14(0.89–1.44) 1.05(0.83–1.34) 1.05(0.82–1.34) 
   High/Highest 185/15381 12.0 1.20(0.96–1.50) 1.11(0.88–1.39) 1.12(0.89–1.40) 
Sexual abuse 
frequency
8
 
     
   1–3 incidents 370/37177 9.95 1.01(0.82–1.23) 1.01(0.82–1.24) 1.04(0.85–1.28) 
   ≥4 incidents 51/4885 10.4 0.96(0.67–1.37) 0.91(0.64–1.29) 0.94(0.66–1.34) 
Severity of abuse      
   Mild 237/26354 8.99 0.95(0.80–1.13) 0.92(0.77–1.10) 0.94(0.79–1.13) 
   Moderate 379/38510 9.84 1.02(0.87–1.19) 0.99(0.85–1.17) 1.03(0.87–1.21) 
   Severe/very severe 205/17502 11.7 1.17(0.96–1.42) 1.08(0.89–1.32) 1.11(0.91–1.36) 
1. Adjusted for age, period. 2. Model: age, period, marital status, SES, education, family history of 
diabetes, vigorous activity, walking, alcohol use and smoking status.  Addition of 5-category BMI.  3. 
Reference group, all analyses. 4. Restricted to women who reported child abuse, or never abuse (ref). 
5. Restricted to women who reported adolescent abuse, or never abuse (ref). Models control for prior 
life-stage child abuse. 6. Restricted to women who reported abuse during adulthood, or never abuse 
(ref). Control for prior life-stage child or adolescent abuse. 7. In analyses of physical abuse, women 
who experienced only sexual abuse were excluded. 8. In analyses of sexual abuse, women who 
experienced only physical abuse were excluded. 
  
  
5
7
 
Table 13: Hazard Ratios (95% CI) for association of abuse with risk of type 2 diabetes stratified by BMI 
 Normal BMI (BMI <25kg/m2 ) Overweight BMI (BMI 25–29kg/m2) Obese BMI (BMI 30+kg/m2) 
Exposure measure Cases/PY Multivariate HR(95% CI)
1 2
 Cases/PY Multivariate HR(95% CI)
1 2
 Cases/PY Multivariate HR(95% CI)
1 2
 
No abuse across life span
3 
39/16079 1.00(referent) 165/22499 1.00(referent) 410/25508 1.00(referent) 
Any abuse across life span 65/33897 0.85(0.57–1.28) 343/47409 1.03(0.85–1.24) 973/59340 1.03(0.92–1.16) 
Any abuse in childhood 49/24089 0.93(0.60–1.43) 235/33146 1.04(0.85–1.27) 683/42990 1.01(0.90–1.15) 
Any abuse in adolescence 30/17278 0.74(0.34–1.63) 167/24950 0.91(0.65–1.27) 561/32921 1.13(0.93–1.37) 
Any abuse in adulthood 33/19415 0.55(0.27–1.11) 206/27587 1.02(0.77–1.35) 573/34685 1.03(0.86–1.23) 
Cumulative exposure 
      
Childhood only 19/7199 1.29(0.74–2.26) 66/9529 1.03(0.77–1.37) 166/11248 0.99(0.82–1.19) 
Adolescence only 5/2275 0.97(0.37–2.49) 31/3427 1.27(0.87–1.87) 72/3763 1.21(0.94–1.56) 
Adulthood only 8/5544 0.54(0.25–1.17) 64/7561 1.08(0.81–1.45) 150/8513 1.07(0.88–1.29) 
Childhood and Adolescence 8/5009 0.88(0.41–1.91) 40/6866 0.93(0.66–1.32) 162/9644 1.08(0.90–1.30) 
Childhood and adulthood 8/3876 0.93(0.43–2.01) 46/5368 1.22(0.88–1.70) 96/6658 0.88(0.71–1.11) 
Adolescence and adulthood 3/1989 0.60(0.18–1.98) 13/3275 0.53(0.30–0.94) 68/4074 1.04(0.80–1.35) 
All three life stages 14/8006 0.72(0.38–1.34) 83/11383 1.01(0.77–1.32) 259/15440 1.02(0.87–1.20) 
Stage at first abuse 
      
Childhood 49/24089 0.95(0.62–1.46) 235/33146 1.04(0.85–1.27) 683/42990 1.01(0.89–1.14) 
Adolescence 8/4263 0.79(0.36–1.73) 44/6702 0.90(0.65–1.26) 140/7837 1.12(0.93–1.36) 
Adulthood 8/5544 0.54(0.25–1.18) 64/7561 1.08(0.81–1.45) 150/8513 1.07(0.88–1.29) 
CHILDHOOD 
      
Type of abuse 
      
Physical abuse only 32/15406 0.93(0.58–1.50) 147/20804 1.01(0.81–1.27) 412/26091 1.01(0.88–1.16) 
Sexual abuse only 5/2994 0.74(0.29–1.94) 43/4347 1.47(1.05–2.07) 76/5448 0.89(0.69–1.14) 
Sexual and physical 12/5689 1.04(0.53–2.02) 45/7995 0.86(0.62–1.21) 195/11451 1.10(0.92–1.31) 
Physical abuse frequency 
      
Low 16/9302 0.72(0.39–1.32) 88/13187 0.97(0.74–1.27) 253/16270 0.97(0.82–1.14) 
Intermediate 11/4849 1.06(0.52–2.14) 54/6119 1.34(0.97–1.85) 127/8067 1.00(0.81–1.23) 
High 17/6945 1.20(0.63–2.26) 50/9492 0.82(0.59–1.16) 227/13205 1.08(0.91–1.30) 
Sexual abuse frequency 
      
1–3 incidents 13/6146 0.81(0.30–2.18) 63/8601 1.43(0.99–2.05) 174/11142 0.87(0.67–1.12) 
≥4 incidents 4/2537 0.60(0.16–2.29) 25/3740 1.36(0.82–2.25) 97/5757 0.93(0.68–1.28) 
Severity of abuse 
      
Mild 13/7248 0.74(0.39–1.41) 79/10414 1.06(0.81–1.40) 194/12442 0.98(0.83–1.17) 
Moderate 16/8337 0.92(0.51–1.67) 89/11094 1.20(0.92–1.55) 213/14190 0.96(0.81–1.14) 
Severe/very severe 20/8505 1.14(0.65–1.99) 67/11638 0.86(0.64–1.15) 276/16359 1.09(0.93–1.27) 
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Table 13 continued. Hazard Ratios (95% CI) for association of abuse with risk of type 2 diabetes stratified by BMI 
 Normal BMI (BMI <25kg/m2 ) Overweight BMI (BMI 25–29kg/m2) Obese BMI (BMI 30+kg/m2) 
ADOLESCENCE Cases/PY Multivariate HR(95% CI)
1 2
 Cases/PY Multivariate HR(95% CI)
1 2
 Cases/PY Multivariate HR(95% CI)
1 2
 
Type of abuse 
      
Physical abuse only 13/8228 0.82(0.32–2.08) 90/11829 1.00(0.68–1.46) 250/15078 1.10(0.88–1.38) 
Sexual abuse only 6/4966 0.60(0.23–1.57) 47/6964 0.90(0.61–1.33) 155/8930 1.14(0.92–1.42) 
Sexual and physical 11/4084 1.29(0.44–3.76) 30/6157 0.62(0.37–1.02) 156/8914 1.19(0.92–1.54) 
Physical abuse frequency 
      
Low 14/6603 0.76(0.25–2.31) 69/9955 0.77(0.47–1.27) 213/12753 1.03(0.78–1.34) 
Intermediate 3/2665 0.39(0.08–1.95) 29/3686 0.95(0.51–1.76) 83/5142 0.96(0.68–1.36) 
High 7/3044 0.76(0.18–3.16) 22/4346 0.55(0.28–1.07) 110/6097 1.08(0.77–1.51) 
Sexual abuse frequency 
 
 
    
1–3 incidents 11/7543 0.56(0.20–1.56) 66/10822 1.17(0.78–1.76) 248/14524 1.17(0.92–1.49) 
≥4 incidents 6/1507 1.43(0.37–5.60) 11/2299 0.94(0.44–2.00) 63/3319 1.28(0.89–1.84) 
Severity of abuse 
      
Mild 10/4858 0.96(0.38–2.45) 52/7074 0.93(0.62–1.40) 150/8858 1.14(0.90–1.44) 
Moderate 10/8426 0.56(0.23–1.39) 84/12116 0.93(0.65–1.34) 264/15984 1.11(0.90–1.36) 
Severe/very severe 10/3994 1.17(0.40–3.41) 31/5760 0.68(0.41–1.12) 147/8079 1.25(0.96–1.61) 
ADULT 
      
Type of abuse 
      
Physical abuse only 12/9047 0.43(0.19–0.98) 96/13660 0.98(0.72–1.35) 290/17265 1.05(0.87–1.28) 
Sexual abuse only 7/5188 0.54(0.21–1.41) 50/6547 1.03(0.72–1.48) 121/7888 0.99(0.79–1.25) 
Sexual and physical 14/5180 0.90(0.38–2.15) 60/7380 1.09(0.75–1.59) 162/9532 1.02(0.81–1.29) 
Physical abuse frequency 
      
Low 10/8470 0.28(0.11–0.76) 80/12325 0.90(0.63–1.29) 243/15216 1.01(0.81–1.25) 
Intermediate 6/2342 0.65(0.20–2.12) 31/3708 1.18(0.74–1.89) 83/4775 1.02(0.76–1.37) 
High 10/3415 0.54(0.17–1.70) 45/5008 1.16(0.74–1.82) 126/6807 1.11(0.84–1.45) 
Sexual abuse frequency 
      
1–3 incidents 17/9349 0.59(0.22–1.59) 94/12276 1.12(0.76–1.65) 254/15258 1.05(0.81–1.34) 
≥4 incidents 4/1018 0.94(0.21–4.13) 16/1651 1.26(0.65–2.44) 29/2162 0.78(0.49–1.22) 
Severity of abuse 
      
Mild 7/6061 0.37(0.15–0.94) 61/9115 0.96(0.68–1.36) 169/10976 1.00(0.81–1.23) 
Moderate 15/9501 0.63(0.28–1.40) 97/12787 1.04(0.76–1.42) 262/15920 1.03(0.85–1.25) 
Severe/very severe 11/3852 0.86(0.34–2.19) 48/5685 1.10(0.74–1.63) 142/7790 1.10(0.87–1.40) 
1. Model: age, period, marital status, SES, education, family history of diabetes, vigorous activity, walking, alcohol use and smoking status. 2. Add 
continuous BMI. 3. Reference group for all analyses.  From 2005–2013 there were 23 cases of diabetes among women of unknown BMI; they are not 
shown in the table.  Subgroups based on life period or type of abuse are restricted as in the primary analysis (tables 10,11,12). 
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Table 14: Hazard Ratios (95% CI) for abuse with risk of type 2 diabetes stratified 
by coping skills 
 
Low coping skills
2
 
(score below median cutpoint ) 
High coping skills
2
 
 (score below median cutpoint) 
Exposure measure 
Cases/ 
PY 
IR per 
1000 
PY 
Multivariate 
model 
HR(95% CI)
1
 
Cases/ 
PY 
IR per 
1000 
PY 
Multivariate 
model 
HR(95% CI)
1
 
No abuse across the life 
span
3 254/26107 9.73 1.00(referent) 327/34048 9.60 1.00(referent) 
Any abuse across the 
life span 
533/51370 10.4 1.11(0.95–1.29) 821/84855 9.68 1.02(0.90–1.17) 
Any abuse in childhood 369/36201 10.2 1.11(0.95–1.31) 586/61273 9.56 1.05(0.92–1.21) 
Any abuse in 
adolescence
 285/26937 10.6 1.08(0.82–1.41) 467/46167 10.1 1.07(0.87–1.33) 
Any abuse in adulthood 301/29673 10.1 1.03(0.82–1.30) 495/49523 10.0 0.94(0.77–1.14) 
Cumulative exposure 
to abuse 
      
Childhood only 103/10382 9.92 1.13(0.89–1.42) 136/16683 8.15 0.95(0.77–1.16) 
Adolescence only 44/3484 12.6 1.38(1.00–1.91) 62/5593 11.1 1.16(0.89–1.53) 
Adulthood only 94/8321 11.3 1.10(0.87–1.40) 118/12391 9.52 0.93(0.75–1.14) 
Childhood and 
Adolescence 
85/7830 10.9 1.27(0.99–1.63) 128/13055 9.80 1.12(0.91–1.38) 
Childhood and 
adulthood 
51/5731 8.90 0.93(0.69–1.26) 100/9614 10.4 1.09(0.87–1.36) 
Adolescence and 
adulthood 
26/3363 7.73 0.77(0.51–1.15) 55/5598 9.83 0.98(0.73–1.31) 
All three life stages 130/12259 10.6 1.10(0.89–1.36) 222/21920 10.1 1.03(0.87–1.23) 
Stage at first abuse       
Childhood 369/36201 10.2 1.12(0.95–1.31) 586/61273 9.56 1.04(0.91–1.19) 
Adolescence 70/6848 10.2 1.07(0.82–1.39) 117/11191 10.5 1.07(0.86–1.32) 
Adulthood 94/8321 11.3 1.11(0.87–1.40) 118/12391 9.52 0.93(0.75–1.14) 
CHILDHOOD       
Type of abuse       
   Physical abuse only 236/22935 10.3 1.10(0.92–1.32) 351/37512 9.36 1.03(0.89–1.20) 
   Sexual abuse only 40/4428 9.03 1.02(0.73–1.43) 78/7902 9.87 1.08(0.84–1.39) 
   Sexual and physical  93/8838 10.5 1.19(0.94–1.52) 157/15859 9.90 1.08(0.89–1.31) 
Physical abuse 
frequency 
      
   Low 142/14381 9.87 1.03(0.83–1.27) 209/23244 8.99 0.97(0.81–1.16) 
   Intermediate 81/7008 11.6 1.26(0.97–1.63) 108/11434 9.45 1.02(0.81–1.28) 
   High 106/10384 10.2 1.15(0.89–1.47) 191/18694 10.2 1.13(0.93–1.38) 
Sexual abuse 
frequency 
      
   1–3 incidents 92/9166 10.0 1.00(0.71–1.42) 149/16109 9.25 1.03(0.80–1.34) 
   ≥4 incidents 41/4100 10.0 1.07(0.69–1.68) 86/7652 11.2 1.29(0.94–1.78) 
Severity of abuse       
   Mild 115/11254 10.2 1.06(0.85–1.33) 168/17907 9.38 1.02(0.85–1.24) 
   Moderate 126/12127 10.4 1.14(0.91–1.41) 180/20464 8.80 0.96(0.80–1.15) 
   Severe/very severe 128/12821 9.98 1.15(0.92–1.42) 238/22902 10.4 1.16(0.98–1.37) 
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Table 14 continued: Hazard Ratios (95% CI) for abuse with risk of type 2 diabetes 
stratified by coping skills 
 
Low coping skills
2
 
(score below median cutpoint ) 
High coping skills
2
 
 (score below median cutpoint) 
ADOLESCENCE 
Cases/ 
PY 
IR per 
1000 PY 
Multivariate 
model 
HR(95% CI)
1
 
Cases/ 
PY 
IR per 
1000 PY 
Multivariate 
model 
HR(95% CI)
1
 
Type of abuse       
   Physical abuse only 133/12728 10.4 1.06(0.78–1.44) 220/21558 10.2 1.09(0.86–1.40) 
   Sexual abuse only 78/7538 10.3 1.09(0.80–1.47) 126/12533 10.1 1.07(0.84–1.36) 
   Sexual and physical  74/6671 11.1 1.12(0.78–1.60) 121/12076 10.0 1.02(0.77–1.35) 
Physical abuse 
frequency 
      
   Low 112/10482 10.7 0.88(0.60–1.30) 181/18022 10.0 1.00(0.74–1.34) 
   Intermediate 49/4217 11.6 0.94(0.58–1.51) 66/6983 9.45 0.96(0.66–1.40) 
   High 46/4700 9.79 0.80(0.49–1.31) 94/8629 10.9 1.04(0.72–1.50) 
Sexual abuse 
frequency 
      
   1–3 incidents 119/11671 10.2 1.19(0.86–1.64) 199/20184 9.86 1.15(0.89–1.49) 
   ≥4 incidents 33/2538 13.0 1.49(0.90–2.45) 48/4425 10.8 1.23(0.82–1.83) 
Severity of abuse       
   Mild 81/7485 10.8 1.08(0.78–1.49) 129/12720 10.1 1.10(0.85–1.42) 
   Moderate 139/13163 10.6 1.08(0.81–1.44) 214/22205 9.64 1.04(0.83–1.31) 
   Severe/very severe 65/6288 10.3 1.07(0.74–1.55) 124/11242 11.0 1.16(0.87–1.53) 
ADULT       
Type of abuse       
   Physical abuse only 150/14531 10.3 1.03(0.80–1.34) 236/24063 9.81 0.95(0.76–1.17) 
   Sexual abuse only 76/7086 10.7 1.11(0.83–1.49) 97/12010 8.08 0.82(0.64–1.06) 
  Sexual and physical  75/8056 9.31 0.89(0.64–1.22) 162/13450 12.0 1.10(0.86–1.40) 
Physical abuse 
frequency 
      
   Low 121/13113 9.23 0.93(0.70–1.24) 206/21642 9.52 0.90(0.71–1.14) 
   Intermediate 42/3691 11.4 1.04(0.69–1.56) 75/6754 11.1 1.01(0.74–1.38) 
   High 62/5783 10.7 1.07(0.73–1.57) 117/9117 12.8 1.06(0.79–1.42) 
Sexual abuse 
frequency 
      
   1–3 incidents 135/13345 10.1 1.19(0.87–1.64) 226/22516 10.0 0.87(0.66–1.14) 
   ≥4 incidents 16/1798 8.90 0.96(0.52–1.77) 33/2944 11.2 0.73(0.46–1.15) 
Severity of abuse       
   Mild 91/9599 9.48 0.99(0.75–1.31) 139/15594 8.91 0.87(0.69–1.10) 
   Moderate 146/13577 10.8 1.09(0.84–1.41) 223/23493 9.49 0.94(0.75–1.16) 
   Severe/very severe 64/6498 9.85 0.96(0.69–1.34) 133/10436 12.7 1.09(0.84–1.41) 
1. Model: age, period, marital status, SES, education, family history of diabetes, vigorous activity, 
walking, alcohol use and smoking status. 2. Women of unknown coping score (n=5075 or 4.9% of 
sample) are not shown. 3. Reference group for all analyses.  Subgroups based on life period or type of 
abuse are restricted as in the primary analysis (tables 10,11, 12).
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STUDY 3: SHIFT WORK IN RELATION TO WEIGHT GAIN 
 
 
INTRODUCTION 
Changing work practices have resulted in new job characteristics that may 
adversely affect worker health. According to data from the 2010 National Health 
Interview Survey, 28.7% of currently employed adults worked an alternative shift for 
their main job, including evening, night, or rotating schedules (148), an increase from 
2004 when 14.8% of full-time U.S. workers worked a non-daytime schedule (148, 149). 
Prevalence was higher for non-Hispanic blacks (34.5%) compared to non-Hispanic 
whites (28.1%).  
Night shift work is associated with an increased risk of becoming obese in both 
predominantly male (150–156) and predominantly female cohorts (157–159). Several 
pathways are possible: it may affect sleep habits, alter physical activity routines, timing 
or quantities of food eaten at meals, or increase stress (150). Epidemiologic evidence has 
associated short sleep duration with increased risk of obesity in children and adolescents 
(160–166), although results in adults are less consistent (167–172). African-American 
persons report less sleep time on average on both workdays/weekdays and non-
workdays/weekends compared to other ethnic groups in the U.S. (173). Sleep has a 
modulatory effect on physiologic functions such as metabolic regulation and endocrine 
release (174, 175). Sleep loss affects hormones relating to both satiety and appetite (176, 
177) and may decrease insulin sensitivity, resulting in impaired glucose tolerance (176, 
177). Some evidence exists for night shift work as a chronic stressor affecting the 
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neuroendocrine system. Small studies among medical personnel found that on-call night 
shift duty could induce a short-term activation of the sympathetic-adrenomedullary 
system and the pituitary-adrenocortical axis (178), with possible of dysregulation in 
neuroendocrine activity (179). 
BWHS data have been used in several studies of weight gain. Weight gain has 
been associated with exposures including childbearing (180); intake of sugar sweetened 
beverages (37); reports of frequent experiences of racism (56); low neighborhood SES 
(54); urban form (specifically, living in a sprawling area as opposed to a dense area) 
(181); and adherence to a “Western” dietary pattern (52).  
Using the BWHS data, we evaluated the association of night shift work and 
weight gain over an eight-year period (2005 – 2013). We hypothesized that: women with 
any exposure to night shift work would have a higher mean weight gain compared to 
women with no exposure to night shift work; higher shift work intensity would be 
associated with a higher mean weight gain; and longer shift work duration would be 
associated with a higher mean weight gain. 
 
METHODS 
Analytic Sample 
Potential study subjects were the 43,000 BWHS participants who completed the 
2005 questionnaire including questions on night shift work. The analytic sample consists 
of women who completed the 2005 questionnaire and at least one subsequent follow-up 
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survey with weight data. Exclusions include women lacking the night shift work 
exposure, weight, or height data at baseline. 
Night Shift Work Exposure Variables 
On the BWHS 2005 follow-up questionnaire, participants answered three 
questions on night shift work: whether they had ever worked a graveyard shift (00:00 
hours to 08:00 hours), how frequently during a year they had worked a night shift, and 
the number of years. A yes/no variable captured whether a participant had any exposure 
to shift work. A categorical variable was created for shiftwork frequency during a year 
(never, monthly or less, or every week) to represent intensity of night shift work. 
Participants reported shiftwork duration in years; this was used to create a categorical 
variable (0, 1–2 years, 3–9 years, 10+ years). The reference category was be “no shift 
work” in all analyses.  
The reproducibility of the night shift variables was assessed in a set of 379 
participants who completed the 2005 questionnaire twice. The weighted kappa coefficient 
was 0.81 for the categories used in the analysis.(47) 
Weight Change Outcome 
Weight change was calculated as the difference between self-reported weight in 
two-year intervals. The follow-up period was 2005–2013. As described in the 
introductory chapter on BWHS, self-reported weight was validated in a substudy of 
anthropometric measures. 
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Statistical Analyses 
Descriptive analyses examined demographic, behavior, and health status 
characteristics at baseline for this analysis (2005) by exposure status. Characteristics of 
participants excluded from the analysis sample were compared to those included in the 
sample. Basic stratified analyses were done with age, questionnaire cycle, and key 
covariates before modelling. 
In order to adjust for within-person correlation of weight over each two-year 
cycle, generalized estimating equations (GEE) in longitudinal data analyses were used to 
estimate adjusted least-square means and 95% confidence intervals (CI) for changes in 
body weight across categories of each exposure variable: by any exposure to night shift 
work, by frequency, and by the duration in years. The estimates of mean weight change 
over two years were multiplied by four to estimate the change over the eight-year follow-
up period. For each level of each exposure variable, the difference in mean weight change 
contrasted with the reference group (no night shift work) was also calculated. All 
analyses were stratified by age and questionnaire cycle, with further covariates for 
adjusted models identified by the procedure as described for study 1. The most basic 
model adjusted for age and height. The multivariate model adjusted for age, height, 
education, socioeconomic status (SES) quintile, alcohol use, smoking status, vigorous 
activity, walking for exercise, parity, menopausal status, total energy, western dietary 
pattern quintile, and prudent dietary pattern quintile. Vigorous activity, walking for 
exercise, alcohol use, smoking, parity, and menopausal status were modeled as time-
varying covariates. Covariate values were carried-forward from previous questionnaires 
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if missing. 
In a sensitivity analysis, an alternate censoring strategy was used to determine 
how outcomes might differ if participants who develop cancer were no longer censored. 
At baseline, prevalent cases of cancer are excluded, as in the standard censoring strategy.  
A secondary analysis evaluated whether there were differences in the rate at 
which women gained weight, based on their exposure status, by introducing a cross-
product term with questionnaire cycle. 
Stratified analyses were used to assess potential effect modification by BMI and 
age (<50 and ≥50 years of age). Time-varying age and study-baseline-age were evaluated 
separately. 
 
 
RESULTS 
 
Participant Characteristics  
The baseline sample for study 3 included 43,179 women, of whom 14,614 were 
excluded (8,187 lacked exposure information; 1,003 lacked baseline weight and/or BMI 
and 2,648 were missing some weight information beyond baseline; 434 reported baseline 
weight> 300 lbs. or <80 lbs.; 138 reported weight change exceeding +/- 30 kg between 
2005–2007; and 2,204 had cancer). Compared to the 28,565 women included in the 
analysis sample, those excluded were older, heavier (reporting greater weight), and more 
likely to be missing BMI information at baseline (Appendix Table 25). They had less 
education and lower SES; were more likely to have children, and to be post-menopausal 
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or of unknown menopausal status. They were more likely to be smokers, but were similar 
in reported exercise and dietary habits. 
Participant characteristics by night shift exposure are shown in Table 15. 38% of 
women in the sample reported working a night shift at some point. Mean age in 2005 was 
48.6 years; women who reported more working years on a night shift were older. Three-
quarters of the sample were overweight or obese at baseline, and increased exposure to 
night shift work was associated with higher prevalence of obesity: 51% of those reporting 
working 10 or more years at night shift work were obese. Women who reported working 
a night shift were less educated and had lower neighborhood SES. They were more likely 
to be current smokers, less likely to participate in vigorous exercise, but were equally 
likely to walk for exercise. They were more likely to have had three or more children and 
to be post-menopausal. Women who worked a night shift were more likely to follow a 
western dietary pattern, less likely to follow a prudent diet, and they had a higher total 
caloric intake compared to women who never reported night shift work. 
Night Shift Work and Weight Change 
In the sample as a whole, mean weight change during eight years of follow-up 
was approximately 2kg, regardless of whether the women reported night shift work in 
any frequency or duration (Table 16, age and height adjusted models). Adjusting for 
demographic, lifestyle, and dietary factors increased this estimate to approximately 4 kg. 
Analyses of mean eight-year weight change differences (Table 17) showed no significant 
differences between women who reported night shift work and women who never worked 
a night shift. 
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Effect Modification Assessment 
This picture changed when the data were stratified by BMI (Table 18). In 
multivariate adjusted models, women of normal BMI gained more weight than 
overweight women, while obese women showed no overall weight gain. Examination of 
mean weight change differences by BMI (Table 19) showed that compared to women 
who never worked a night shift, night shift workers classified as normal or overweight by 
BMI gained a little over half a kilogram over the eight-year period; these estimates 
increased with increased years of night shift work. An effect of night shift work on 
weight change was absent for obese women.  
Analyses stratified by age (<50 years, or ≥50 years of age) showed that older 
women gained more weight than younger women during the follow-up period (Table 20), 
regardless of work exposure. However, in multivariate models (Table 21) younger 
women who reported 10 or more years of night shift work gained 0.60kg more than the 
reference group, while there was no weight gain associated with night shift work for 
older workers.  
Use of an alternate censoring had no meaningful impact on the study results (data 
not shown).  The secondary analysis, which evaluated whether the weight change rate 
varied by exposure status, also found no differences (data not shown).  
 
DISCUSSION 
Contrary to our hypotheses women with exposure to night shift work had the 
same mean weight gain as women with no exposure to night shift work. Neither 
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frequency of night shift work nor duration of working a night shift had an effect on 
weight change.  However, BMI appeared to modify the association of night shift work 
and weight change. In strata by BMI, normal or overweight women who worked a night 
shift gained significantly more weight than women who did not work a night shift.  An 
association between night shift work and weight gain was not seen among obese women. 
There are several possible explanations for this observation. It is possible that 
weight gain may already have occurred in many women who had worked night shifts, 
particularly those who engaged in long-term night shift work. The night shift questions 
on the 2005 questionnaire were not specific as to exactly when women were working the 
night shift; they represent “ever exposure” and some indication of duration. These results 
may also indicate a type of “regression to the mean” effect in terms of weight gain, in that 
normal or overweight women have “more room” to gain weight, than already obese 
women.  In the sample as a whole, 42% of the women were obese (BMI ≥ 30) in 2005.  
In age-stratified analyses, older women gained more weight than younger women, 
regardless of night shift work exposure, but younger night shift workers who worked 10 
or more years appeared to have gained more weight than younger non-night shift 
workers. In older women this may reflect a trend in weight gain with age, and younger 
women may be showing deleterious effects of night shift work habits. 
Several pathways to weight gain may be associated with characteristics of night 
shift work. Night shift work may directly affect sleep habits and disrupt the body’s 
circadian rhythm; being “out of sync” with the day-work world and the attendant 
disruption of social and family schedules, may increase chronic stress, with potential 
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effects on the neuroendocrine system, as discussed previously; or it may alter behavior 
through physical activity routines and timing or quantities of food eaten at meals (150). A 
small cross-sectional study of work-shift period and weight change (150) found that the 
late shift workers reported mean weight gain of 4.3 kg, significantly higher than the day 
shift gain of 0.9 kg, although the two groups were similar in terms of BMI. They also 
found that night shift workers reported changes in eating habits, napping, and exercise 
routines which had occurred since they had begun working a night shift; all of these 
factors could have contributed to their subsequent weight gain (150).  A cross-sectional 
study of 662 nurses at a large hospital in Hong Kong found that shift work was positively 
associated with abnormal eating behavior, a modifiable factor (158). Our study did not 
investigate “abnormal” eating habits, and it is possible this behavior may play a role in 
the greater weight gain seen among women working a night shift. In our BWHS sample, 
women who worked a night shift were less likely to report vigorous exercise, but had 
higher total calorie intake in their diet. 
Several recent studies of night shift work in largely female cohorts did not report 
mean weight change outcomes, but found night shift workers were more likely to be 
obese than non-night-shift workers and have more adverse risk profile for chronic 
diseases (157–159). In our sample a higher percentage of night-shift workers were obese 
than were the non-shift workers, however, even among the women in our sample who 
had never worked a night shift, 39% of the women were obese.   
 In comparisons by age at which women worked a night shift, a NHSII analysis 
(159) found women were more likely to work rotating night shifts earlier in life (ages 20–
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25) compared to later in life (age 46+), and as age increased, women were more likely to 
have a primary day/evening work schedule and less likely to work full-time. Higher 
intensity of night shift work was associated with increased risk of obesity (159). In our 
longitudinal analysis, the amount of weight gained differed by BMI status, and by age 
group, and we found no association between mean weight change and frequency or 
intensity of night shift work in unstratified analyses. Our night shift exposure data is not 
detailed enough to evaluate whether younger women in our sample were more likely to 
work rotating night shifts than older women, so it is possible a similar effect in our 
cohort, if it exists, could explain some of the age group effect we found. 
 Strengths of the current study include a large sample size drawn from many 
geographical areas in the United States, a prospective study design, and a long follow-up 
of eight years. We were able to control for important confounding factors such as age, 
BMI, education, alcohol consumption, smoking, physical activity, diet, SES, parity, and 
menopausal status. High follow-up of the cohort lessened the potential for bias from 
selective losses. As described in the BWHS chapter, self-reported weight was assessed in 
a validation study of BWHS participants, which showed strong correlations between self-
reported and measured weight. 
A limitation to the night shift exposure information used here is that it was 
collected only in the 2005 BWHS questionnaire, and gives an estimate of frequency of 
work and duration of work in years. We do not know exactly when women worked or 
stopped a night shift, or other circumstances relating to their work.  It is possible that 
women who worked a night shift and developed health conditions would transfer to day 
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work when available. However, it is unlikely that participants would alter their weight 
reports based on their night shift exposure status, particularly as self-reported weight and 
other factors were collected during each questionnaire cycle. In the primary analyses, 
women were only censored if they developed cancer.  We did not investigate associations 
between chronic disease conditions, night shift work, and weight change in this analysis. 
In summary, this study found that African-American women working a night shift 
did not gain significantly more weight than women who did not work a night shift over 
the eight-year follow-up period. Stratified analyses showed BMI modified this 
association, in that normal and overweight women who worked a night shift gained 
significantly more weight than women who did not work a night shift, but this was not 
true of obese women. There was some evidence that younger women workers (<50 years 
of age) who worked 10+ years gained more weight than young non-night-shift workers. 
 For many workers in today’s economy, night shift work is a fact of life that 
cannot be completely avoided. Although the mechanism for weight gain and increased 
obesity may be promoted through several biological pathways, including disruption of the 
neuroendocrine system, health promotions should be targeted at night shift workers to 
promote healthy eating and healthy physical activity, ideally within the work 
environment itself. Campaigns particularly targeted at helping younger and/or normal 
weight workers to be aware of the possible long-term health effects of night shift work 
would be especially advantageous. 
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TABLES – STUDY 3 
Table 15 Characteristics (2005) of the BWHS study population according to night 
shift work (years)  
 Years working Night shift (2005) 
 
Sample 
(n=28565) 
Never 
(n=17738) 
1–2 yrs 
(n=5965) 
3–9 yrs 
(n=3336) 
10+ yrs 
(n=1526) 
Age as of 3/1/2005
*
 48.6(10.3) 48.5(10.4) 47.9(10.1) 48.9(10.1) 52.3(9.8) 
Height in 1995 (cms) 164.9(7.0) 164.9(7.0) 165.0(7.1) 165.1(7.1) 165.2(7.1) 
Weight (kg) in 2005 81.1(17.8) 79.7(17.4) 82.6(18.0) 83.6(18.1) 84.7(18.7) 
BMI              normal (<25kg/m2), % 24.1 26.6 21.0 19.0 20.0 
overweight (25–29kg/m2), % 33.7 34.4 33.5 32.5 28.7 
obese 30–34 kg/m2, % 22.9 21.8 23.8 25.5 25.4 
obese 35–39 kg/m2, % 11.7 10.6 12.8 13.9 14.7 
obese 40+ kg/m2, % 7.6 6.6 8.9 9.2 11.2 
Education:                      <=12 yrs, % 12.3 11.0 13.3 14.3 19.1 
13–15 yrs, % 26.0 23.7 28.7 30.3 35.4 
16 yrs, % 26.8 27.1 25.9 26.6 25.2 
17+ yrs, % 34.8 38.1 32.1 28.6 20.4 
Neighborhood SES, baseline 
(Quintile 5), % 
 
18.5 
 
20.7 
 
16.1 
 
14.4 
 
12.2 
 (Quintile 4), % 18.5 19.5 17.3 17.1 14.9 
 (Quintile 3), % 18.5 18.5 18.4 19.0 18.2 
 (Quintile 2), % 18.5 17.9 18.9 20.3 21.1 
 (Quintile 1), % 18.5 16.8 20.4 20.8 25.2 
Missing, % 7.4 6.6 8.9 8.5 8.3 
Smoking  
Current smoker at baseline, % 
 
10.7 
 
9.2 
 
12.4 
 
13.6 
 
13.6 
Former/past smoker at baseline, % 23.5 23.1 24.7 24.4 22.0 
Never smoked at baseline, % 65.8 67.7 62.9 61.9 64.3 
Vigorous Exercise: 
No exercise at baseline, % 
 
49.9 
 
48.9 
 
51.0 
 
51.3 
 
54.6 
<1 hr/wk exercise at baseline % 18.4 18.4 18.6 18.6 17.6 
1–4 hr/wk exercise at baseline % 23.8 24.6 23.4 21.7 20.2 
5+ hr/wk exercise at baseline % 7.8 8.0 6.9 8.3 7.6 
Walking for exercise: 
Walk < 1 hr/wk, % 
 
46.5 
 
46.0 
 
47.7 
 
47.1 
 
47.0 
Walk 1–2 hrs/wk, % 25.9 26.5 24.6 25.6 25.5 
Walk 3–4 hrs/wk, % 14.7 14.9 14.4 13.8 15.3 
Walk 5+ hrs/wk, % 12.8 12.6 13.3 13.6 12.2 
Parity, baseline:         Nulliparous, % 27.9 29.4 25.8 24.6 25.5 
1 birth, % 23.8 24.5 22.3 23.0 22.1 
2 births, % 27.1 27.4 27.4 26.3 25.0 
3+ births, % 21.1 18.6 24.2 25.8 26.8 
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 Years working Night shift (2005) 
 
Sample 
(n=28565) 
Never 
(n=17738) 
1–2 yrs 
(n=5965) 
3–9 yrs 
(n=3336) 
10+ yrs 
(n=1526) 
Menopausal Status  
pre-menopausal, % 
 
53.4 
 
54.3 
 
52.6 
 
52.1 
 
49.2 
                      post–menopausal, % 37.0 36.6 37.2 37.3 38.6 
status unknown, % 9.7 9.1 10.2 10.6 12.3 
Western Dietary Pattern  
Highest (Quintile 5), % 
 
19.8 
 
19.1 
 
21.4 
 
19.9 
 
20.3 
 (Quintile 4), % 19.5 19.1 20.2 20.0 19.9 
 (Quintile 3), % 19.5 19.4 19.4 19.9 19.2 
 (Quintile 2), % 19.2 19.9 18.0 18.6 17.6 
 Lowest score (Quintile 1), % 19.3 20.1 18.1 17.7 17.6 
Prudent Dietary Pattern 
Highest (Quintile 5), % 
 
19.3 
 
19.8 
 
18.8 
 
17.8 
 
18.3 
 (Quintile 4), % 19.4 19.7 18.9 20.0 16.6 
 (Quintile 3), % 19.6 19.6 19.5 19.3 19.3 
 (Quintile 2), % 19.5 19.4 19.6 19.7 18.5 
Lowest score (Quintile 1), % 19.5 19.1 20.3 19.2 21.9 
Total caloric intake 
Highest (Quintile 5), % 
 
19.9 
 
18.3 
 
21.4 
 
23.9 
 
24.6 
 (Quintile 4), % 19.1 18.7 19.6 20.5 18.3 
 (Quintile 3), % 18.9 19.3 18.6 17.8 17.3 
 (Quintile 2), % 19.1 19.8 18.2 17.8 18.3 
Lowest score (Quintile 1), % 20.1 21.5 19.2 16.1 15.9 
Values are means(SD) or percentages.    
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Table 16: Mean weight change over 8 years (2005–2013) by night shift work 
Exposure measure 
Age and height adjusted model
1
 
mean (95% CI) 
Multivariate model
2
 
mean (95% CI) 
Never worked night shift 1.93(1.80–2.05) 3.99(1.85–6.14) 
Ever worked a night shift 1.87(1.70–2.04) 3.91(1.76–6.05) 
Years of working night 
shift (range to 10+ years) 
  
Never 1.92(1.79–2.04) 4.00(1.86–6.14) 
1–2 years 1.88(1.65–2.11) 4.01(1.86–6.16) 
3–9 years 1.65(1.34–1.96) 3.66(1.50–5.83) 
10+  years 2.31(1.83–2.80) 4.20(1.98–6.41) 
 P for trend=0.39 
Frequency of working 
night shift 
  
Never 1.92(1.79–2.04) 3.99(1.85–6.12) 
Monthly or less 1.91(1.62–2.20) 4.00(1.84–6.17) 
Weekly 1.85(1.64–2.07) 3.87(1.72–6.02) 
 P for trend=0.61 
GEE least square means estimate of weight change (kg) over 8 year follow-up, by night shift work 
exposure category. 
 
1. Adjusted for age and height.  2. Multivariate model: adjusted for age, height, education, 
socioeconomic status (SES) quintile, alcohol use, smoking status, vigorous activity, walking for 
exercise, parity, menopausal status, total energy, and dietary patterns. 
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Table 17: Mean weight change difference over 8 years (2005–2013) by night shift 
work 
Exposure measure 
Age and height adjusted model
1 
 
mean (95% CI) 
Multivariate model
2
 
mean (95% CI) 
Never worked night shift 0 (ref) 0 (ref) 
Ever worked a night shift -0.05(-0.27–0.16) -0.08(-0.35–0.18) 
Years of working night shift 
(range to 10+ years) 
  
Never 0 (ref) 0 (ref) 
1–2 years -0.04(-0.30–0.23) 0.01(-0.31–0.33) 
3–9 years -0.27(-0.61–0.07) -0.34(-0.75–0.08) 
10+  years 0.39(-0.10–0.89) 0.20(-0.41–0.80) 
Frequency of working night shift   
Never 0 (ref) 0 (ref) 
Monthly or less -0.06(-0.42–0.30) -0.13(-0.57–0.31) 
Weekly 0.01(-0.31–0.33) -0.02(-0.41–0.37) 
   
1. Adjusted for age and height.  2. Multivariate model: adjusted for age, height, education, 
socioeconomic status (SES) quintile, alcohol use, smoking status, vigorous activity, walking for 
exercise, parity, menopausal status, total energy, and dietary patterns. 
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Table 18: Mean weight change over 8 years (2005–2013) by night shift work, 
stratified by BMI 
Exposure measure 
Normal BMI 
model
1 
mean (95% CI) 
Overweight BMI 
model
1
 
mean (95% CI) 
Obese BMI 
model
1
 
mean (95% CI) 
Never worked night shift 10.69(0.80–20.59) 4.80(0.72–8.87) 1.42(-2.11–4.95) 
Ever worked a night shift 11.35(1.45–21.24) 5.34(1.27–9.41) 1.06(-2.47–4.59) 
Years of working night 
shift 
   
Never 10.85(1.01–20.69) 4.94(0.94–8.94) 1.35(-2.19–4.89) 
1–2 years 11.78(1.93–21.63) 5.55(1.54–9.56) 0.88(-2.70–4.45) 
3–9 years 11.20(1.33–21.07) 5.01(0.98–9.03) 1.08(-2.50–4.67) 
10+ years 11.77(1.90–21.64) 6.20(2.08–10.32) 1.26(-2.40–4.92) 
 P for trend<.01 P for trend<.01 p for trend=0.30 
Frequency of working 
night shift 
   
Never 10.83(0.98–20.68) 4.91(0.89–8.92) 1.36(-2.18–4.90) 
Monthly or less 11.21(1.34–21.08) 5.41(1.35–9.46) 1.04(-2.55–4.63) 
Weekly 11.82(1.97–21.67) 5.45(1.43–9.46) 0.99(-2.57–4.56) 
 P for trend<.01 P for trend<.01 P for trend=0.43 
1. Model adjusted for age, height, education, socioeconomic status (SES) quintile, alcohol use, 
smoking status, vigorous activity, walking for exercise, parity, menopausal status, total energy, 
dietary patterns. 
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Table 19: Mean weight change difference over 8 years (2005–2013) by night shift 
work, stratified by BMI 
Exposure measure 
Normal BMI 
model
1 
mean (95% CI) 
Overweight BMI 
model
1
 
mean (95% CI) 
Obese BMI 
model
1
 
mean (95% CI) 
Never worked night shift 0 (ref) 0 (ref) 0 (ref) 
Ever worked a night shift 0.65(0.23–1.08) 0.54(0.10–0.99) -0.35(-0.84–0.14) 
Years of working night 
shift 
   
Never 0 (ref) 0 (ref) 0 (ref) 
1–2 years 0.93(0.40–1.47) 0.61(0.05–1.16) -0.47(-1.08–0.13) 
3–9 years 0.35(-0.35–1.06) 0.06(-0.63–0.75) -0.27(-1.02–0.48) 
10+ years 0.92(-0.20–2.05) 1.26(0.22–2.29) -0.09(-1.08–0.90) 
Frequency of working 
night shift 
   
Never 0 (ref) 0 (ref) 0 (ref) 
Monthly or less 0.61(-0.15–1.37) 0.04(-0.73–0.80) -0.05(-0.84–0.75) 
Weekly -0.38(-1.01–0.26) -0.50(-1.17–0.17) 0.32(-0.41–1.05) 
1. Model adjusted for age, height, education, socioeconomic status (SES) quintile, alcohol use, 
smoking status, vigorous activity, walking for exercise, parity, menopausal status, total energy, dietary 
patterns. 
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Table 20: Mean weight change over 8 years (2005–2013) by night shift work and 
stratified by age 
 Age<50 years Age>= 50 years 
Exposure measure 
MV model
1 
mean (95% CI) 
MV model
1
 
mean (95% CI) 
Never worked night shift 1.11(-4.74–6.96) 2.79(-0.19–5.78) 
Ever worked a night shift 1.18(-4.67–7.04) 2.53(-0.46–5.52) 
Years of working night shift   
Never 1.13(-4.72–6.98) 2.75(-0.23–5.72) 
1–2 years 1.37(-4.49–7.23) 2.53(-0.46–5.53) 
3–9 years 0.63(-5.25–6.51) 2.45(-0.56–5.46) 
10+ years 1.73(-4.21–7.68) 2.70(-0.36–5.75) 
 p for trend=0.28 p for trend=0.89 
Frequency of working night shift   
Never 1.15(-4.70–6.99) 2.74(-0.24–5.71) 
Monthly or less 1.39(-4.48–7.26) 2.54(-0.47–5.55) 
Weekly 1.11(-4.74–6.96) 2.52(-0.47–5.51) 
 p for trend=0.82 p for trend=0.22 
1. Model adjusted for age, height, education, socioeconomic status (SES) quintile, alcohol use, 
smoking status, vigorous activity, walking for exercise, parity, menopausal status, total energy, 
dietary patterns 
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Table 21: Mean weight change difference over 8 years (2005–2013) by night shift and 
stratified by age 
 Age<50 years Age>= 50 years 
Exposure measure 
MV model
1 
mean (95% CI) 
MV model
1
 
mean (95% CI) 
Never worked night shift 0 (ref) 0 (ref) 
Ever worked a night shift 0.07(-0.32–0.47) -0.26(-0.61–0.09) 
Years of working night shift   
Never 0 (ref) 0 (ref) 
1–2 years 0.24(-0.24–0.72) -0.21(-0.66–0.23) 
3–9 years -0.50(-1.15–0.15) -0.29(-0.85–0.26) 
10+ years 0.60(-0.51–1.72) -0.05(-0.79–0.69) 
Frequency of working night shift   
Never 0 (ref) 0 (ref) 
Monthly or less -0.29(-0.96–0.39) -0.02(-0.62–0.59) 
Weekly -0.25(-0.83–0.34) 0.20(-0.34–0.73) 
1. Model adjusted for age, height, education, geographical region, socioeconomic status (SES) 
quintile, alcohol use, smoking status, vigorous activity, walking for exercise, parity, menopausal 
status, total energy, dietary patterns 
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CONCLUSIONS 
The studies in this dissertation used data from the BWHS to examine three 
psychosocial stressors that are more common among African-American than white 
women:   perceived racism, abuse victimization, and night shift work. These exposures 
can be sources of chronic stress, which may influence weight gain and development of 
diabetes through disruption of the neuroendocrine system and/or altering behavioral risk 
factors for these diseases (28–44).   
 The first study evaluated perceived racism and incident type 2 diabetes in 
adulthood. Women reporting greater exposure to perceived everyday or lifetime racism 
had an increased risk of type 2 diabetes compared to women with lesser exposure. This 
association remained even after adjusting for demographic, family history and lifestyle 
factors, and was strengthened in analyses restricted to women with consistent reports of 
racism in 1997 and 2001.  
Much of the association with perceived racism may have been due to increased 
BMI in this cohort. Mediation analysis estimated BMI may have accounted for half, but 
most likely not all, of the effect of either everyday racism or lifetime racism on incident 
diabetes. In BMI stratified analyses, obese women with the greatest reported everyday 
racism exposure had an increased risk of diabetes, while results for normal or overweight 
women were null, suggesting additional risks for these obese women that were not 
merely due to their obesity status.  However, exposure to lifetime racism appeared to 
create a stronger association with diabetes incidence among women of normal weight, 
but not among overweight or obese women, suggesting that perceived unfair treatment in 
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regard to housing, police, or the workplace amplified diabetes risk in normal-weight 
women who would not normally be at high risk based solely on their measure of BMI.  
These results add to the body of evidence that experiences of racism may 
contribute to the excess burden of obesity and diabetes observed in African-American 
women (69, 72, 182, 183) , while further emphasizing the public health importance of 
antidiscrimination activities. The questions on exposure to perceived racism included in 
the BWHS questionnaire do not refer to a specific period of life, and could therefore 
represent an on-going source of stress. The “everyday” racism exposure could occur in 
school settings, in the community, shopping, or at work. From a life-course perspective, 
these experiences could reach back into childhood or adolescence, but in the context of 
this study, they cannot be tied to a time period. The “lifetime racism” questions explicitly 
ask about experiences with police, in housing, and on the job, so they are more likely to 
occur in adulthood.  
The second study evaluated abuse victimization across the life span and incident 
type 2 diabetes in adulthood. We found an increased risk of diabetes among women who 
experienced abuse during childhood and/or adolescence, but not abuse during adulthood. 
Risk increased with higher frequency of physical abuse, higher frequency of sexual 
abuse, and increased severity of abuse. We found some evidence of mediation by BMI.  
BMI also appeared to modify the association in some subgroups of women - in stratified 
analyses overweight women experienced an increased risk of diabetes with childhood 
sexual abuse. There was some evidence of effect modification by coping skills as well:  
women who suffered abuse in childhood and/or adolescence and lacked coping skills had 
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an increased risk of diabetes.   
These results give support to a life course model of risk (136–138), in which early 
life may be a sensitive period for exposure to sexual or physical abuse, increasing risk of 
chronic diseases such as diabetes in later life (138) and even creating a pattern of 
victimization which may extend to their offspring (147). This study was not able to 
separate possible neuroendocrine effects from behavioral changes that might affect risk.  
The potentially life-long health consequences of child or adolescent abuse, which 
come with increased healthcare costs to individuals and their families, emphasize the 
ongoing need for community-based practices to educate and prevent abuse (138, 147). 
For survivors of abuse, further research and development of practical community-based 
programs that focus on protective factors to encourage resiliency are needed. Such factors 
can buffer against long-term effects, and may include seeking out social support in 
adulthood (141, 142), developing coping skills and examining  spiritual beliefs (143), and 
nurturing a greater sense of community and commitment to others in adulthood(144). 
The third study examined the association of night shift work and weight change. 
We found that normal or overweight women who worked a night shift gained 
significantly more weight than women who did not work a night shift, but that this 
association was not observed among obese women. In addition, older women over 50 
gained more weight than younger women (regardless of night shift work exposure), but 
younger night shift workers under the age of 50 who worked 10 or more years appear to 
have gained more weight than younger non-night shift workers. The variation by obesity 
status may indicate a regression to the mean, in that normal or overweight women have 
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“more room” to gain weight, than already obese women. These results may also indicate 
that night shift work affects habits in eating and exercise, which influence weight gain. 
Public health campaigns targeted to night shift workers, particularly younger women, 
could promote healthy eating and exercise and help deflect some of the longer-term 
effects on weight. 
Although many sources of stress exist in life, with these studies we were able to 
examine three chronic psychosocial stressors that are more common among African-
American women than white women. These stressors cut across different domains of life 
(public or home) as well as the life span. Racism is a stressor that can be found in many 
areas of life.  Abuse victimization is centered in the home (as opposed to the public 
sphere), but may have an impact on the life course. Night shift work is clearly a work-
related stressor, but the effects on sleep, eating habits, or physical activity, all of which 
can affect weight gain, extend beyond the work sphere.  
 For each we found some evidence of a positive association with types 2 diabetes 
or weight gain. In all three studies, BMI played an important role, either as a mediator on 
the causal pathway, or as a modifier of the association, providing support for the theory 
that chronic stress may lead to endocrine disruption and increased risk of metabolic 
disorders. Although these studies concentrated on chronic psychosocial stressors in an 
African-American cohort of women, the possible implications with respect to chronic 
stress and the involvement of the HPA-axis stress response, weight gain, and diabetes are 
applicable to other populations. 
Future research with these exposures in the BWHS should include depression, and 
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if possible an investigation of the characteristics of women who were missing depression 
data.  In addition, as BMI is critical in all of these analyses, and the prevalence of obesity 
widespread in this cohort, it would be helpful to include BMI from earlier periods of life, 
if the data is consistent. This may provide more clues for a life-course perspective on 
associations with stress. Alternatively, there may be opportunity for further analyses of 
stress exposures within subgroups of obese women.  
Studies involving multiple chronic stress exposures covering different domains of 
life and the life course, and associations with obesity, diabetes, or other chronic disease 
would be useful. Combining this with a more detailed analysis of coping responses may 
provide further insights for public health recommendations to improve resiliency in 
vulnerable populations. 
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APPENDIX 
Table 22. Study 1 Baseline (1997) Characteristics of the pre-exclusion cohort by 
exclusion status 
 Included 
(n=45781) 
Total Excluded 
(n=7353) 
Age as of 3/1/1997
*
 40.1(10.3) 47.9(11.4) 
Person-years of follow-up in BWHS
*
 13.0(4.8) 11.6(5.7) 
BMI, baseline(continuous)
*
 28.1(6.5) 30.6(7.2) 
Daily Racism Score - Q25 (97Q)
*
 2.1(0.8) 2.1(0.8) 
# of Times Said ‘‘‘‘YES’’’’ to Q26* 1.2(1.0) 1.2(1.0) 
College (yes/no), % 22.1 20.1 
Childhood home: owned, % 35.3 27.2 
Married/living as married at baseline, % 42.0 39.6 
Employed (yes/no), % 93.9 94.2 
Income >$50,000/yr, % 57.3 42.0 
SES,baseline (Quintile 5), % 18.9 14.4 
Region:northeast, % 26.7 26.9 
Region:South, % 31.6 30.2 
Region:midwest, % 22.7 24.8 
Region:west, % 18.8 17.9 
Region:other, % 0.2 0.1 
Depressive Symptoms (CESD>16), % 96.6 96.1 
Antidepressant use: Current, % 4.0 7.9 
Has a family history of diabetes, % 36.1 49.7 
Baseline utilization of healthcare, % 100.0 100.0 
Alcohol: current, % 27.6 22.7 
Western Dietary Pattern, High Score(Quintile 5), % 18.3 19.2 
Prudent Dietary Pattern, High Score (Quintile 5), % 17.8 22.8 
Nulliparous at baseline, % 34.2 21.9 
Active coping scale, above median(<11 vs. 11+), % 60.2 57.6 
Values are means (SD) or percentages. 
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Table 23. Study 2  Baseline(2005) Characteristics of the pre-exclusion cohort by 
inclusion status 
 Total Status 
 
(n=43179) 
Included in analysis 
(n=29193) 
Excluded 
(n=13986) 
Age
*
 (baseline, 2005) 49.2(10.7) 47.7(10.0) 52.5(11.2) 
BMI  normal (<25kg/m2), % 23.5 25.5 19.3 
BMI overweight (25–29kg/m2), % 32.7 33.8 30.5 
BMI obese 30–34 kg/m2, % 22.4 21.8 23.7 
BMI obese 35–39 kg/m2, % 11.4 10.4 13.5 
BMI obese 40+ kg/m2, % 8.9 7.6 11.5 
BMI Unknown, % 1.1 0.9 1.5 
Depressive Symptoms, 1999     (CESD <16), % 57.0 60.4 49.8 
 (CESD 16–22), % 11.5 11.7 10.9 
 (CESD 23+), % 9.9 9.8 10.1 
 (CESD unknown), % 21.7 18.0 29.3 
Active coping scale,               below  median, % 32.2 37.6 20.9 
above  median, % 48.3 57.4 29.3 
unknown, % 19.5 5.0 49.7 
Education, 16 or more years, %  59.6 62.9 52.6 
Married/living as married at baseline, % 44.2 45.9 40.6 
Neighborhood SES, baseline      (Quintile 5), % 18.4 20.2 14.9 
 (Quintile 4), % 18.4 19.3 16.7 
 (Quintile 3), % 18.4 18.6 18.0 
 (Quintile 2), % 18.5 18.0 19.5 
 (Quintile 1), % 18.4 16.3 22.9 
Has a family history of diabetes, % 38.4 35.2 45.2 
Non/Never smoker, % 64.2 67.0 58.3 
Alcohol: current, % 24.2 25.4 21.8 
Activity Level: 5+hrs/wk, baseline, % 7.6 8.3 6.2 
Walking for exercise:5+hrs/wk, baseline, % 13.1 13.0 13.2 
Values are means (SD) or percentages. 
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Table 24: Study 2 - Hazard Ratios (95% CI) for the association of abuse 
victimization with risk of type 2 diabetes, alternate censor strategy 
Lifetime abuse victimization and risk of diabetes,  
alternate censor strategy 
BWHS (2005–2013) 
Exposure measure 
Cases/Person-
years 
IR per 
1000PY 
Age-adjusted 
model
1  
HR(95% CI) 
Multivariate 
Model
2
 
HR(95% CI) 
No abuse across the life span
3 
721/71634 10.1 1.00(referent) 1.00(referent) 
Any abuse across life span
 
(all 
women) 
1656/156731 10.6 1.09(1.00–1.19) 1.07(0.98–1.17) 
Any abuse in childhood
4
 1171/111477 10.5 1.10(1.00–1.21) 1.10(1.00–1.21) 
Any abuse in adolescence
5 
926/83849 11.0 1.12(0.97–1.30) 1.09(0.93–1.26) 
Any abuse in adulthood
6
 983/91877 10.7 0.99(0.87–1.14) 0.96(0.84–1.10) 
Cumulative exposure to abuse
 
(all women) 
    
Childhood only 298/30723 9.70 1.03(0.90–1.18) 1.07(0.93–1.22) 
Adolescence only 122/10485 11.6 1.21(1.00–1.46) 1.20(0.99–1.46) 
Adulthood only 257/24347 10.6 1.02(0.89–1.18) 0.98(0.85–1.13) 
Childhood and Adolescence 253/23647 10.7 1.18(1.02–1.36) 1.19(1.03–1.37) 
Childhood and adulthood 175/17813 9.82 0.97(0.83–1.15) 0.98(0.83–1.15) 
Adolescence and adulthood 106/10422 10.2 1.03(0.84–1.26) 0.97(0.79–1.19) 
All three life stages 445/39295 11.3 1.16(1.03–1.31) 1.12(1.00–1.27) 
Stage at first abuse
  
(all women) 
    
Childhood 1171/111477 10.5 1.10(1.00–1.20) 1.10(1.00–1.20) 
Adolescence 228/20907 10.9 1.12(0.96–1.30) 1.08(0.93–1.25) 
Adulthood 257/24347 10.6 1.02(0.89–1.18) 0.98(0.85–1.14) 
CHILDHOOD
4
     
Type of abuse     
   Physical abuse only 714/69519 10.3 1.07(0.96–1.18) 1.07(0.97–1.19) 
   Sexual abuse only 140/14093 9.93 1.04(0.87–1.25) 1.04(0.87–1.25) 
   Both sexual and physical  317/27866 11.4 1.23(1.08–1.41) 1.21(1.06–1.39) 
Physical abuse frequency
7
     
   Low 434/43154 10.1 1.01(0.89–1.14) 1.02(0.90–1.15) 
   Intermediate 241/21348 11.3 1.13(0.97–1.32) 1.14(0.98–1.33) 
   High 356/32882 10.8 1.11(0.97–1.28) 1.13(0.98–1.30) 
Sexual abuse frequency
8
     
   1–3 incidents 302/28519 10.6 1.02(0.84–1.23) 1.01(0.84–1.22) 
   ≥4 incidents 155/13439 11.5 1.13(0.90–1.43) 1.11(0.87–1.40) 
Severity of abuse     
   Mild 348/33666 10.3 1.06(0.93–1.20) 1.06(0.93–1.21) 
   Moderate 385/37312 10.3 1.07(0.95–1.21) 1.08(0.95–1.22) 
   Severe/very severe 438/40499 10.8 1.17(1.04–1.32) 1.16(1.03–1.31) 
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ADOLESCENCE
5
     
Type of abuse     
   Physical abuse only 418/39136 10.7 1.11(0.93–1.32) 1.07(0.90–1.27) 
   Sexual abuse only 246/23089 10.7 1.10(0.93–1.30) 1.08(0.91–1.28) 
   Both sexual and physical  262/21623 12.1 1.24(1.02–1.51) 1.17(0.96–1.43) 
Physical abuse frequency
7
     
   Low 362/32741 11.1 1.00(0.81–1.23) 0.97(0.79–1.19) 
   Intermediate 144/12819 11.2 1.01(0.77–1.31) 0.98(0.75–1.28) 
   High 174/15199 11.4 1.01(0.78–1.32) 0.96(0.74–1.25) 
Sexual abuse frequency
8
     
   1–3 incidents 399/36653 10.9 1.18(0.98–1.41) 1.15(0.95–1.38) 
   ≥4 incidents 109/8060 13.5 1.44(1.10–1.89) 1.37(1.04–1.80) 
Severity of abuse     
   Mild 255/23306 10.9 1.13(0.94–1.35) 1.09(0.91–1.30) 
   Moderate 428/40475 10.6 1.09(0.93–1.28) 1.07(0.91–1.25) 
   Severe/very severe 243/20068 12.1 1.27(1.04–1.55) 1.20(0.98–1.46) 
ADULTHOOD
6
     
Type of abuse     
   Physical abuse only 479/45071 10.6 1.01(0.87–1.17) 0.95(0.82–1.11) 
   Sexual abuse only 213/21544 9.89 0.94(0.80–1.12) 0.96(0.81–1.14) 
   Both sexual and physical  291/25262 11.5 1.03(0.87–1.23) 0.98(0.82–1.17) 
Physical abuse frequency
7
     
   Low 398/40552 9.81 0.94(0.80–1.11) 0.90(0.77–1.06) 
   Intermediate 143/12257 11.7 1.09(0.88–1.36) 1.00(0.80–1.25) 
   High/Highest 229/17524 13.1 1.19(0.97–1.46) 1.08(0.88–1.33) 
Sexual abuse frequency
8
     
   1–3 incidents 440/41091 10.7 0.99(0.82–1.20) 1.00(0.83–1.21) 
   ≥4 incidents 64/5715 11.2 0.94(0.68–1.30) 0.90(0.65–1.24) 
Severity of abuse     
   Mild 285/29312 9.72 0.94(0.80–1.10) 0.91(0.77–1.07) 
   Moderate 445/42605 10.4 0.99(0.85–1.15) 0.97(0.84–1.13) 
   Severe/very severe 253/19960 12.7 1.14(0.96–1.37) 1.05(0.88–1.26) 
1. Age-adjusted model is adjusted for age, period and the exposure.  
2. Multivariate model: The “base” multivariate model includes age, period and the exposure plus marital 
status, socioeconomic status (SES) quintile, education, family history of diabetes, current vigorous 
activity, current walking for exercise, current alcohol use and current smoking status.  
3. Reference group for all analyses.  
4. Child abuse analyses: restricted to women who reported abuse as a child, or never abuse (ref group). 
5. Adolescence abuse analyses: restricted to women who reported abuse as an adolescent, or never abuse 
(ref group). Models include control for prior life-stage child abuse.  
6. Adult abuse analyses: restricted to women who reported abuse during adulthood, or never abuse (ref 
group). Models include control for prior life-stage child or adolescent abuse.  
7. In analyses of physical abuse, women who experienced only sexual abuse were excluded. 
8. In analyses of sexual abuse, women who experienced only physical abuse were excluded. 
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Table 25: Study 3 Baseline(2005) Characteristics of the pre-exclusion cohort by 
inclusion status 
 Total Inclusion status 
 (n=43179) 
Included 
(n=28565) 
Total Excluded 
(n=14614) 
Age
*
 (baseline, 2005) 49.2(10.7) 48.6(10.3) 50.4(11.1) 
Height in 1995 (cms) 165.0(7.1) 164.9(7.0) 165.2(7.2) 
Weight (kg) in 2005 82.4(20.0) 81.1(17.8) 85.7(24.6) 
BMI                                 normal (<25kg/m2), % 21.4 24.1 16.0 
overweight (25–29kg/m2), % 30.0 33.7 22.9 
obese 30–34 kg/m2, % 20.6 22.9 16.1 
obese 35–39 kg/m2, % 10.4 11.7 7.9 
obese 40+ kg/m2, % 8.3 7.6 9.6 
missing, % 9.3 0.0 27.6 
Education:                                         <=12 yrs, % 14.4 12.3 18.4 
13–15 yrs, % 27.2 26.0 29.4 
16 yrs, % 25.9 26.8 24.1 
17+ yrs, % 32.5 34.8 27.9 
Neighborhood SES, baseline        (Quintile 5), % 18.4 19.8 15.7 
 (Quintile 4), % 18.4 19.0 17.5 
 (Quintile 3), % 18.4 18.6 18.2 
 (Quintile 2), % 18.5 18.2 18.9 
 (Quintile 1), % 18.4 17.0 21.3 
Missing, % 7.8 7.4 8.5 
Smoking               Current smoker at baseline, % 11.6 10.7 13.6 
Former/past smoker at baseline, % 24.1 23.5 25.2 
Never smoked at baseline, % 64.2 65.8 61.1 
Vigorous Exercise at baseline:               None, % 51.6 49.9 54.8 
<1 hr/wk, % 17.6 18.4 16.1 
1–4 hr/wk, % 22.9 23.8 21.1 
5+ hr/wk, % 7.7 7.8 7.6 
Walking for exercise:             Walk < 1 hr/wk, % 46.7 46.5 47.0 
Walk 1–2 hrs/wk, % 25.6 25.9 25.1 
Walk 3–4 hrs/wk, % 14.5 14.7 14.2 
Walk 5+ hrs/wk, % 13.1 12.8 13.5 
Parity, baseline:                            Nulliparous, % 27.2 27.9 25.9 
1 birth, % 23.6 23.8 23.3 
2 births, % 26.7 27.1 26.0 
3+ births, % 22.3 21.1 24.6 
Menopausal Status                 pre-menopausal, % 49.0 53.4 40.6 
                      post-menopausal, % 38.6 37.0 41.9 
status unknown, % 12.3 9.7 17.6 
Western Dietary Pattern, Highest (Quintile 5), % 19.6 19.1 20.4 
 (Quintile 4), % 19.4 19.3 19.5 
 (Quintile 3), % 19.3 19.7 18.5 
 (Quintile 2), % 19.0 19.4 18.2 
 Lowest score (Quintile 1), % 19.1 19.6 18.1 
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Prudent Dietary Pattern, Highest (Quintile 5), % 19.2 18.8 19.9 
 (Quintile 4), % 19.2 19.3 18.9 
 (Quintile 3), % 19.3 19.7 18.6 
 (Quintile 2), % 19.4 19.7 18.8 
Lowest score (Quintile 1), % 19.3 19.8 18.5 
Total caloric intake,        Highest (Quintile 5), % 19.8 19.7 19.9 
 (Quintile 4), % 18.9 19.3 18.1 
 (Quintile 3), % 18.8 19.2 17.9 
 (Quintile 2), % 19.0 19.1 18.6 
Lowest score (Quintile 1), % 19.9 19.8 20.1 
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Table 26: BWHS variables across questionnaire cycles (1995–2013) 
baseline cohort 
Study 1 baseline 
1997 
   
Study 2 and 3 
baseline 2005 
   
END OF 
FUP 
1995–96 1997–98 1999–2000 2001–2002 2003–2004 2005–2006 2007–08 2009–2010 2011–12 2013  
 period 1 2 3 4 5 6 7 8  
Variables asked each period       
 age — — — — — — —  
 Weight         
 
BMI/obesity 
(Mediator?) 
        
 Smoking, alcohol         
 
physical 
activity(varies) 
        
 SES         
Periodic variables: Key variables for exposure and modifiers       
 
racism   
(E: STUDY1) 
     
 
Racism 
update (E: 1)  
  
     
abuse  
 (E: 
STUDY2) 
    
     
night shift 
 (E: 
STUDY3) 
    
  CESD   CESD     
dietary pattern    
dietary 
pattern 
 
coping skills 
(Modifier?) 
    
  
9
2
 
Periodic variables: Other possible covariates       
education marital status marital status  education      
occupation    income      
family history 
T2D 
 
family 
history T2D 
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